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PREFACE

Roy F. Weston, Inc. (WESTON) has been retained by the U.S.
Air Force Occupational and Environmental Health Laboratory
(OEHL) under Contract F33615-80-D-4006, to provide general
engineering, hydrogeological and analytical services. OEHL
has authorized WESTON, under Task Order 0051 dated 17
September 1984, to conduct a Groundwater Contamination Study
at Forbes Field ANGB. The findings, conclusions, and
recommendations of this study are contained herein.

The Groundwater Contamination Study at Forbes Field ANGB was
conducted under the auspices of staff personnel of Roy F.
Weston, Inc. and was managed through WESTON's Bannockburn,
Illinois office. The following personnel served lead
functions in the performance of this project.

Mr. Peter J. Marks, Program Manager
Ms. Katherine A. Sheedy, P.G., Project Manager
Mr. Walter M. Leis, P.G., Geosciences QA Officer
Mr. Robert J. Karnauskas, P.G., P.HG., Project Coordinator
Mr. Mark A. Hutson, Project Hydrogeologist
Dr. Earl Hansen, Laboratory Manager
Mr. Richard Balmer, Assistant Project Geologist
Ms. Elizabeth M. Uhl, Assistant Project Hydrogeologist

WESTON expresses sincere thanks to the Base personnel at
Forbes ANGB for their assistance and cooperation throughout
this project.

This work was accomplished between November 1984 and
September 1985. Major Robert D. Binovi, Environmental
Quality Branch, USAF Occupational and Environmental Health
Laboratory (USAF OEHL) was the technical monitor.
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EXECUTIVE SUMMARY

INJTRODUCT ION

Forbes Field Air National Guard Base (ANGB) Topeka, Kansas
has served as a training center intermittently since 1942
and is currently occupied by the Kansas Air National Guard
(KSANG) 190th Air Refueling Group. Fuel storage and
handling facilities in support of Base flight missions
represent a potential source of contamination if inadvertent
releases occur to the environment.

WESTON has been retained by the United States Occupational
and Environmental Health Laboratory (QEHL) under Contract
No. F33165-80-O-4006 to provide general engineering,
hydrogeological and analytical services. KSANG requested
assistance from OEHL in the evaluation of known and
suspected releases of jet fuel (JP-4) to the environment of
F'orbes Field ANGB. Task Order No. 0035 was subsequently
issued for a pre-survey effort at the KSANG facility.

The pre-survey at Forbes Field ANGB consisted of a site
inspection and collection of all available background
information. The purpose of this pre-survey was to obtain
sufficient information to develop a work scope and cost
estimate for the performance of a preliminary field
investigation to identify the potential presence of
contaminants in the subsurface environment at Forbes Field
AN GB.

The pre-survey report for Forbes Field was submitted in
April, 1984. Following modifications in the scope of work,
Task Order 0051, dated 24 September 1984, was issued, which
authorized a field investigation at Forbes Field. The
purpose of this report is to document the accomplishment of
this field investigation. Acronyms, terms, nomenclature and
units of measurement used in this report are defined in
Appendix A. A copy of the formal Task Order authorizing
this work is included here as Appendix B.

PURPOSE AND SCOPE OF INVESTIGATION

The purposes of this Task order are as follows:

" To determine if soil and groundwater contamination
have resulted from fuel storage, distribution, and
use at Forbes Field.

o To provide estimates of the magnitude and extent of
contamination, if any.

" To identify potential environmental consequences of
migrating pollutants.
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o To identify any additional investigations and their
attendant costs necessary to identify the
magnitude, extent, and direction of movement of
discovered contaminants.

The scope of work included the performance of the following
tasks:

o Inspection of the storm sewer system for the
purpose of identifying locations in the storm
sewers of continued J.P-4 infiltration, if any.

" rhe performance of a soil boring and sampling
investigation designed to delineate the potential
presence of JP-4 contamination in the unsaturated
and saturated zones on KSANG property.

" The installation of twelve groundwater monitoring
wells on-site to enable assessment of horizontal
and vertical groundwater flow and contaminant
movement within unconsolidated sediments and
bedrock.

" rhe completion of an elevation survey to establish
casing elevations of the monitoring well network.

o Performance of field baildown tests on six wells to
provide estimates of subsurface permeability.

MAJOR FINDINGS

Based on the analyses performed, levels of contamination
were found in soils and groundwater that warrant further
investigation and possible future action.

A total of ten representative soil samples, which exhibited
positive field instrumentation response, were selected for
laboratory analysis for oil and grease. The analytical data
indicates concentrations of oil and grease typically in the
25 to 50 ppm range at the sampling locations. The oil and
grease concentrations were substantially high at Boring B-10
(adjacent to fueling hydrant 8-A) and SWQ-5 (adjacent to the
intersection of the storm sewer and fuel pipeline from
pumphouse E) where concentrations were reported of 686 ppm
and 829 ppm, respectively. Fuel hydrant 8-A is a known
location of fuel leakage and well SW-5 encountered a thin
floating phase of fuel.

Nine of the twelve water samples collected from the
monitoring wells contained oil and grease at concentrations
above the detection limit ot 0.10 mg/l, while the remaining
three samples had no detectable oil and grease.

-Booms",



Concentrations of oil and grease range from a high of 3,970
mg/i in well SW-5 to below detection limits in wells DW-2,
DW-3, and DW- 4. Those wells finished in the unconsolidated
materials above bedrock gen~erally show greater concentra-
tions than those cased into competent rock.

rhe above data suggest that the oil and grease related
compounds are moving to the northwest off the Base property
at low concentration. Further dilution and dispersion can
be expected to occur as the migration distance increases.
The significance of this off-site migration will be
dependent on the specific organic compounds which comprise
the oil and grease concentrations reported.

CONCLUSIOSS

Based on the results of this study at Forbes Field ANGB, Lhe
following key conclusions have been drawn:

General Conclusions

o Unconsolidated sediments at the Base consist of
clays and silty clays which were apparently
weathered from underlying materials. Bedrock
consists of shales with interbedded limestones and
some sandstone stringers.

o Groundwater beneath Forbes Field ANGB occurs under
water table conditions in the unconsolidated
sediments above bedrock and under confined
conditions within permeable zones of bedrock.

o General groundwater flow is from east to west
toward the unnamed tributary to Shungunuga Creek
which is located at the northwest edge of the Base.

o In areas where natural unconsolidated materials
overlie bedrock, an upward component of flow exists
from bedrock into the unconsolidated materials.

Presence of Contaminants

o Concentrations of oil and grease in excess of the
taste and odor threshold were found in nine of the
twelve groundwater monitoring wells sampled.

o oil and grease was found in all ten soil samples
submitted for chemical analysis.

o A floating layer of fuel 0.20 feet thick was found
in shallow monitor well SW-5.



o The presence of oil and grease in deep monitor well
DW-l, which is located upgradient of suspected
source areas on the Base, indicates the potential
that contaminants are migrating onto the Base from
other areas.

Mration ofContaminants'

" Contaminants may enter the groundwater flow system
by percolating through surficial materials or by
introduction to the shallow bedrock in locations
where overlying materials have been removed.
Trenching for construction of sewers and fuel lines
has created conduits for migration of contaminants
into bedrock and laterally to the storm sewer
system. This is evidenced in well SW-5 where fuel
has accumulated in backfill materials surrounding a
fuel distrubution line and by past discharges of
fuel to the storm sewer system.

" 'rhe fate of contaminants migrating from Base
facilities in groundwater is to travel laterally
toward the tributary to Shungunuga Creek which
flows along the western boundaries of the Base. it
is not known if contaminants have now reached this
point.

Significance of Findings

o The effects on the environment of any contaminants
which may leave the Base are unknown at this time.
The identity of the specific compounds leaving the
Base must be known before this determination can be
made.

" The relatively low levels of contamination
encountered in the majority of locations tested
seems to indicate that much of the fuel released to
the environment by the known leaks has been either
flushed from the subsurface or cleaned up by base
efforts.

o Contaminant levels appear to diminish rapidly with
distance from source areas. This trend is expected
to continue as distance from the source is
increased.

RECOMMENDATION S

The principal goal of this study at Forbes Field Air
National Guard Base was to determine whether or not
environmental degradation was occurring as a result of
materials handling practices at the installation. rhe

W1, results presented in Section 4 confirm that the groundwater



and soils i n the immed iiate area of f uel handling
installations have been dffected. These preliminary
findings require additional verification which is discussed
below. These recommendations are intended to evaluate
whether contaminants are leaving the Base, and if so, which
contaminants and at what concentrations.

rhe following additional work is recommended for Forbes
Field ANGB.

1) An additional round of samples should be taken from
existing wells DW-l through DW-6 and SW-l through
SW-6 to verify the results obtained from the first
sampling round. The parameters tested should be
expanded to include U.S.EPA Priority Pollutant
volatile organic compounds, plus xylene.

2) Five additional groundwater monitoring wells should
be constructed between Base facilities and the
drainage way on the northwest side boundary. Four
wells should be installed along the northwest
boundary to determine if groundwater quality is
being impacted at the downgradient edge of the
property. Three of these wells should be completed
in the unconsolidated deposits to monitor migration
in the upper flow system. The remaining well
should be a deep well located to monitor
contaminant migration in the bedrock flow system.
The fifth well should be installed at the northeast
corner of the bulk fuel storage tank farm near the
head of the surface water drainage ditch. Samples
from these wells should be analyzed for the
expanded parameter list.

3) Surface water samples should be collected from
three locations in the drainage ditch on the
northwest property boundary. One sample should be
collected upstream of the bulk fuel storage area.
The second sample should be collected mid-way
between bulk fuel storage and the storm sewer
outfall. The third sample should be collected from
the area of the storm sewer outfall. Analysis of
these samples should be for the expanded list of
analyses.

4) At least one shallow monitoring well should be
installed on the eastern edge of the site to
monitor contamination possibly migrating on site
from the east in the upper aquifer.

5) During collection of the next round of samples, the
elevation of the stream bottom should be surveyed
to determine whether the stream is recharging the
groundwater system.



SECTION 1

INTRODUCTION

1.1 BACKGROUND

Forbes Field Air National Guard Base (ANGB) Topeka, Kansas
has served as a training center intermittently since 1942
and is currently occupied by the Kansas Air National Guard
(KSANG) 190th Air Refueling Group. Fuel storage and
handling facilities in support of Base flight missions
represent a potential source of contamination if inadvertent
releases occur to the environment.

WESTON has been retained by the United States Occupational
and Environmental Health Laboratory (OEHL) under Contract
No. F33165-80-D-4006 to provide general engineering,
hydrogeological and analytical services. KSANG requested
assistance from OEHL in the evaluation of known and
suspected releases of jet fuel (JP-4) to the environment of
Forbes Field ANGB. Task Order No. 0035 was subsequently
issued for a pre-survey effort at the KSANG facility.

The pre-survey at Forbes Field ANGB consisted of a site
inspection and collection of all available background
information. The purpose of this pre-survey was to obtain
sufficient information to develop a work scope and cost
estimate for the performance of a preliminary field
investigation to identify the potential presence of
contaminants in the subsurface environment at Forbes Field
ANGB.

The pre-survey report for Forbes Field was submitted in

April, 1984. Following modifications in the scope of work,
Task Order 0051, dated 24 September 1984, was issued, which
authorized a field investigation at Forbes Field. The
purpose of this report is to document the accomplishment of
this field investigation. Acronyms, terms, nomenclature and
units of measurement used in this report are defined in
Appendix A. A copy of the formal Task Order authorizing
this work is included here as Appendix B.

1.2 PURPOSE AND SCOPE OF INVESTIGATION

The purposes of this Task Order are as follows:

o To determine if soil and groundwater contamination
have resulted from fuel storage, distribution, and
use at Forbes Field.

o To provide estimates of the magnitude and extent of
contamination, if any.

>T
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" To identify potential environmental consequences of
migrating pollutants.

" To identify any additional investigations and their
attendant costs necessary to identify the
magnitude, extent, and direction of movement of
discovered contaminants.

The scope of work included the performance of the following
tasks:

o Inspection of the storm sewer system for the
purpose of identifying locations in the storm
sewers of continued JP-4 infiltration, if any.

o The performance of a soil boring and sampling
investigation designed to delineate the potential
presence of JP-4 contamination in the unsaturated
and saturated zones on KSANG property.

o The installation of twelve groundwater monitoring
wells on-site to enable assessment of horizontal
and vertical groundwater flow and contaminant
movement within unconsolidated sediments and
bedrock.

o The completion of an elevation survey to establish
casing elevations of the monitoring well network.

o Performance of field baildown tests on six wells to
provide estimates of subsurface permeability.

1.3 BASE PROFILE

The Kansas Air National Guard (KSANG) occupies Base
facilities located at Forbes Field, Kansas. Forbes Field is
located approximately three miles south of Topeka in Section
31, Townshi? 12 South, Range 16 East in Shawnee County,
Kansas. Figure 1-1 is an index map showing the location of
the KSANG facilities.

The area surrounding the KSANG facility is a mixture of
agricultural, light industrial and residential land usage
activities. Former Air Force facilities are now used by a
variety of industries. The village of Pauline, Kansas, is
located adjacent to the Base on the west boundary.

Forbes Field was opened in 1942 as the Topeka Army Air Corps
Base. The Base mission at that time was to provide
operational training of heavy bombardment crews. At the end

1-2
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of World War II the Base was closed and the hangars were
used for grain storage.

During the period from 1948 to 1949 the Base was reopened
for use by reconnaissance and geodetic survey wings of the
Army Air Corps. The Base was renamed the Forbes Air Base
during that time.

Forbes Air Base was reopened in 1951 with a mission of
training bomber crews. In 1954, the Forbes Air Base and all
existing facilities were transferred to the U.S. Air Force,
and the installation was officially designated Forbes Field
Air Force Base. The installation was assigned to the
Strategic Air Command (SAC) until July 1965, when it was
transferred to the Tactical Air Command (TAC) 12th Air Force
and 838th Air Division.

Forbes Field Air Force Base was closed in 1973 at which time
the Kansas Air National Guard (KSANG) 190th Air Refueling
Group was the only remaining activity on base, located on
the northwest corner of the property.

The KSANG Base maintains jet fueling and storage facilities
on the Base as shown on The Base Facility Map in Figure 1-2.
Above ground storage facilities consist of three tanks
located within earth diked berms. Two of the tanks have a
45,000 barrel (BBL) capacity with one tank having a 55,000
BBL capacity for storage of jet fuel (JP-4). All of the
above ground storage tanks have floating roofs.

From the above ground storage tanks, jet fuel is piped to
three pumphouses designated E, G, and ff. On either side of
each pumphouse are a number of smaller capacity buried fuel
storage tanks as follows:

Number of Tank
Pumphouse Buried Tanks Capacity (Each)

E 8 1190 BBL
G 6 1190 BBL
H 6 1190 BBL

From each pumphouse jet fuel is piped to a main distribution
line from which laterals extend underneath the fueling ramp
area. Currently in operation are laterals 1 through 6
operating from pumphouse E, and laterals 7 through 9
operating from pumphouse G. Along each lateral are five
fueling hydrants designated A through E. Other structures
on the Base include offices, hangars and other facilities in
support of the Base mission.

1-4
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On 10 June 1983, JP-4 was observed emanating from concrete
pavement joints adjacent to fuel hydrant 8-A when lateral 8
was routinely checked on the same date.

During pressurization to locate the leak, an unknown amount
of JP-4 was released under the concrete pad and subsequently
migrated to a storm drainage box culvert at the far
northwest corner of the KSANG property. Approximately 1/8
inch of apparent JP-4 Was observed on the storm drainage
water which flows into an unnamed tributary to Shungunuga
Creek. The fuel was contained on KSANG property and spilled
materials were subsequently cleaned up.

Leaks have also occurred at fuel hydrants 7-A and 3-A in
July and December of 1982, respectively, during which
undetermined amounts of JP-4 were released. All known
leakages from the system have occurred at the first welds of
fueling hydrants along the respective laterals. Base
personnel became concerned and in June 1983 requested an
evaluation to determine the extent of possible groundwater
contamination from the JP-4 releases as well as the general
integrity of the hydrant fueling system.

1.4 CONTAMINATION PROFILE

Potential environmental contamination at Forbes Field may
exist because of leaks and spills from JP-4 storage and
handling at base facilities. Oil and Grease was chosen by
OEHL as an indicator parameter to be used to detect
contamination by JP-4 in the groundwater. The details of
the field work accomplished are described in Section 3 of
this report.

1.5 PROJECT TEAM

This investigation was conducted by staff personnel of Roy
F. Weston, Inc., in Bannockburn, Illinois and was managed
through WESTON's home office in West Chester, Pennsylvania.
The following personnel performed lead functions in this
project:

MR. PETER J. MARKS, PROGRAM MANAGER: Corporate Vice
President and Manager of Laboratory Services, Master of
Science (M.S.) in Environmental Science, 19 years of
experience in laboratory analysis and applied environmental
sciences.

MR. FREDERICK BOPP, III, PH.D., P.G. PROJECT MANAGER:
Manager of the Geosciences Department, Doctor of Philosophy
(Ph.D.) in Geology and Geochemistry, Registered Professional
Geologist (P.G.), over 9 years of experience in hydrogeology
and applied geological sciences.

/
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MR. ROBERT J. KARNAUSKAS, P.G., P.HG. SENIOR PROJECT

HYDROGEOLOGIST: M.S. in Hydrogeology and M.S. in Water

Resources Management, over 8 years of experience in
hydrogeology and applied geological sciences.

MR. MARK A. HUTSON, PROJECT HYDROGEOLGIST: Bachelor of
Science (B.S.) and Graduate Study in Geological Sciences,
over 4 years experience in hydrogeology and applied
geological sciences.

MR. WALTER M. LEIS, P.G., GEOTECHNICAL QUALITY ASSURANCE

OFFICER: Corporate Vice President M.S. in Geological

Sciences, Registered Professional Geologist, over 11 years
experience in hydrogeology and applied geological sciences.

MR. RICHARD C. BALMER, ASSISTANT PROJECT GEOLOGIST: B.S.

in Geological Sciences, over 4 years experience in hydro-

geology and applied geological sciences.

Professional profiles of these key personnel, as well as

other project personnel are contained in Appendix C.

1.5.1 Subcontracting

The drilling and well installation work for this project was

performed by Terracon Consultants, Inc., of Lenexa, Kansas.

The well elevation survey was completed by Max A. Baker of

Topeka, Kansas, a licensed surveyor in the state of Kansas.

1-7
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SECTION 2

ENVIRONMENTAL SETTING

2.1 GEOGRAPHY

Forbes Field is located in the Dissected Till Plains section

of the Central Lowlands Physiographic Province. The area
around Forbes Field is characterized by gently undulating
reliet dissected by incised surface drainage. Local relief
at Forbes Field is primarily the result of dissection by
erosional activity associated with Shungunuga Creek.
Surface elevations on the Base range from a low of
approximately 1020 feet above mean sea level (MSL) along the
northwest corner of the property to a high of approximately
1057 feet above MSL at the southeast corner of the property.
Local drainage is predominantly to the west-northwest to an
unnamed tributary of Shungunuga Creek.

2.2 SITE GEOLOGY

Sedimentary rocks of Paleozoic age overlie the Precambrian
basement complex in the area of Forbes Field. The
sedimentary deposits are typically composed of shales,
limestones, and thin sandstones which record a distinctive
cyclic pattern of sedimentation (Johnson and Adkison, 1967).
Glacial drift deposited during the Kansan/Glaciation covers
bedrock in some sections of the area. The drift is composed
of clays, silts, and sands derived from local bedrock.

The entire area lies in the western part of the Forest City
Basin. Outcropping rocks strike approximately N20E to N30E,
and dip northwest at generally 20 to 40 feet per mile.

The geology of Forbes Field ANGB consists of interbedded
marine shales and limestones of the Scranton Shale, Howard
Limestone and Severy Shale Formations. Glacial drift forms
a thin veneer over the bedrock in some portions of the area.
A thin layer (5-20 feet) of unconsolidated sediments
composed of clays and silty clays is present above the
bedrock formations. These deposits are apparently weathered
from the underlying shales.

2.3 HYDROGEOLOGY

Groundwater is found within both the unconsolidated
surficial deposits and the bedrock formations beneath Forbes
Field. Within the unconsolidated sediments water is found
at shallow depths (4-12 feet) under unconfined conditions.

2
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Water in the bedrock formations occurs predominantly in the
limestone and sandstone beds and stringers which are
interbedded within shales. Groundwater in these formations
is present under confined conditions.

Groundwater flow horizontally across the site is generally
f rom the west. The confined nature of groundwater within
the bedrock formations creates an upward vertical gradient.
Specifics of groundwater flow beneath the site are addressed
in Section 4.

Water obtained from the formations involved in this study is
of insufticient quantity to be used extensively for domestic
water supplies. The Base and the adjoining village of
Pauline, Kansas, are both served by a public water supply
system.
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SECTION 3

METHODS OF INVESTIGATION

3.1 SCHEDULE OF ACTIVITY

On 20 November 1984 WESTON met with representatives of the
Civil Engineering, Security, Fire Protection, and Flight
Operations Departments at Forbes Field ANGB to review the
goals of the investigation, review drilling procedures and
locations, and to establish the field schedule. An
inspection of the storm sewers in the areas of suspected
contamination was performed on the same day. Drilling
locations were marked and clearances obtained on 21 November
1984. Soil borings and monitoring well construction
commenced on 12 December 1984 and were completed by 4
January 1985. Groundwater sampling was completed on 5
January 1985. Table 3-1 is a summary of WESTON's field
activities schedule at Forbes Field ANGB.

3.2 STORM SEWER INSPECTION

In order to evaluate areas of potential contamination, a
survey of the storm sewer system on and adjacent to the
refueling ramp was conducted. Previous observations by
KSANG personnel noted the presence of JP-4 along the fuel
laterals and storm sewers which were apparently serving as
,onduits for JP-4 migration from the leak source(s). A
total of 23 manholes were inspected and surveyed with an
Organic Vapor Analyzer (OVA) and an HNu Photoionization
Detector (iNu) as well as visual observation. The valve
control pit at the end of each lateral was also opened and
the interior monitored with the OVA and HNu instruments.

In addition, four water samples were collected from manholes
along the southwest side of the ramp at the end of lateral
four, six, seven, and eight. These samples were allowed to
come to room temperature before the headspace gasses were
tested with HNu and OVA meters for the potential presence of
volatile organic compounds. The operation of the OVA and
HNu meters are described in detail in Section 3.3.2.

3.3 DRILLING PROGRAM

The field investigation at Forbes Field ANGB included the
installation of 12 groundwater monitoring wells and the
completion of 10 soil borings to recover subsurface soil
samples for chemical analysis. The work was conducted by a
drilling crew of Terracon Consultants, Inc., of Lenexa,
Kansas. The drilling rig used to complete the work was a
truck mounted CME 55 auger drill. The locations of all soil
borings and monitoring wells were cleared by a representa-
tive of the Base Civil Engineering Department prior to
drilling.

3
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TABLE 3-1

FIELD ACTIVITY SCHEDULE

Date Activity

20-21 November 1984 Initiation of field activity
meeting with Base personnel

to coordinate activities.
Inspection of storm sewer

manholes for evidence of

JP-4. Establish boring
locations for obtaining Base
digging permits

12-29 December 1984 Soil borings and monitoring
well installation

2-5 January 1985 Monitoring well development,

sampling, and baildown tests

4 January 1985 Water level survey

8 January 1985 Well elevation survey
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3.3.1 Decontamination of Drillln9 and SaiplinSEuiupment

Decontamination of the drilling rug was performed prior to
mobilization on-site to remove surface grease, oil and
gasoline which could potentially affect the integrity of the
field and laboratory data. This decontamination consisted
of:

o Steam cleaning of the drill rig flat bed, tower and
associated areas tc remove as much grease, oil and
gasoline as practical.

o Steam cleaning of the hollow steam augers inside and
outside as well as compartments in which the augers
were stored.

o Removal and steam cleaning of all tools to be
utilized during drilling as well as compartments in
which tools may be stored.

Split spoon barrels that were used for sample collection
were subjected to the following decontamination protocol if
field instruments (OVA and HNu meters) indicated the
potential presence of contaminants:

o Disassembling of all continuous core barrel
components.

o Scrubbing of continuous core barrel components in an
Alconox solution.

o Clean water rinse.

o Acetone rinse.

o Clean water rinse.

Decontamination of the split spoon core barrels was required
following collection of the following samples:

Boring No. Sample No. Boring No. Sample No.

B-1 5 B-7 2
B-2 3 B-7 3
B-4 2 B-10 1
B-5 1 SW-3 2
B-5 3 SW-4 1
B-6 2 SW-4 3
B-6 3 SW-5 2

3-3
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3.3.2 Field Instrumentation

The field instrumentation utilized on-site included an
Organic Vapor Analyzer (OVA) and an HNu photoionization
detector. The OVA is a portable unit using a flame
ionization detector. It responds well to volatile organic
components that are not per-halogenated (completely
substituted with chlorine, fluorine or bromine).

rhe OVA is less sensitive to the presence of certain
volatiles such as freon, carbon tetrachloride, or
hexachloroethane. Information regarding the relative
response of the OVA to various compounds is included in
Appendix D.

The HNu portable photoionization device operates on light-
induced ionization of carbon-carbon or carbon-nitrogen
bonds. The unit used was equipped with a 10.2 electron volt
(eV) lamp, which can detect all compounds with bond energies
less than 10.2 eV. The HNu is particularly suited to the
detection of volatile aromatic compounds such as benzene,
toluene, ethylbenzene, xylenes and chlorobenzenes. It will
not detect saturated alcohols, saturated amines, alkanes and
saturated fluorochlorocarbons. Information regarding the
relative response of the HNu to various compounds is
included in Appenlix E.

Due to differences in relative response and detectability of
some compounds by each instrument, the OVA and HNu provide
complimentary information. These instrument differences
were effectively utilized in the field assessment of the
presence of volatile organics at each boring location.
Naturally occurring methane gas from decomposing biological
material is suspected where high OVA and low HNu readings
are recorded: the OVA has a 100% relative response factor
for methane, while methane is not detectable using the HNu.
Methane is not of concern in this investigation with respect
to the occurrence and distribution of contaminants on-site.

3.3.3 Use of Instrumentation in Sample Screening

The OVA and HNu probes were used to measure volatile
components in the soil samples immediately following the
splitting of the core by the on-site geologist. Represen-
tative portions of each sample were placed in a plastic bag
with a zip-lock opening to provide an airtight seal. The
bagged sample was broken and agitated in the bag to expose
as much surface area to the air as possible. The probes of
each instrument were then inserted through a small break in
the seal and the readings obtained were noted. OVA and HNu
readings obtained in this manner are recorded on the
drilling logs included in Appendix F. Only separate
subsamples of those soil samples which showed the potential
for being contaminated on the basis of field screening were
retained for chemical analysis.

3-4
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3.3.4 Soil Borinqs

A total of 124 feet of continuously sampled soil borings
were completed at the 10 locations shown in Figure 3-1.
Each boring was advanced using continuous soil sampling
methods consisting of five foot sample tubes (3 1/4"1 I.D.)
which extended through and were driven below the center of
standard six inch diameter hollow stem augers. As the
augers rotate, the stationary core barrel was advanced
through the soil by hydraulic pressure. In this manner, a
continuous, relatively undisturbed soil sample was obtained.

Following the sample screening procedure discussed in
Section 3.3.3, representative samples of those intervals
which gave positive responses to both the OVA and HNu were
collected. Samples were removed from the core barrel and
placed in an amber colored glass sample jar using a freshly
decontaminated knife. The sample used in the screening
process was retained for preparing geologic logs. soil
samples collected for chemical analysis were cooled and
shipped to WESTON's laboratory for analysis.

Drilling and sampling proceeded at five foot intervals until
the borehole extended to a depth of three feet below the
zone of saturation, or encountered bedrock, whichever was
less. Depths of borings ranged from a minimum of four feet
to a maximum of 18.8 feet. Geologic logs were prepared for
each boring and are included in Appendix F of this report.

Each borehole was abandoned by backfilling with the drill
cuttings. Those borings which extended through concreted
areas of the Base were capped by a cement patch of the same
thickness as the original surface.

3.3.5 Shallow Monitoring Well Installation

Six groundwater monitoring wells were installed in the
unconsolidated materials which overlie bedrock and in the
backfill materials which surround buried pipelines.
Monitoring wells SW-2, SW-3 and SW-5 were installed in fill.
Wells SW-l, SW-4 and SW-6 were installed in natural
unconsolidated materials. The location of each shallow
monitoring well is indicated on Figure 3-2.

The boreholes for installation of the wells were advanced to
three f eet below the water table or to bedrock by the same
boring, screening, and sampling procedures described in
Sections 3.3.3 and 3.3.4. Subsurface conditions permitted
the augers to be removed from the bore hole without
significant caving before inserting well materials. wells
were constructed of 2-inch diameter, schedule 40, flush
joint, threaded PVC screen and riser pipe. Graded sand was
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poured into the annular space around the well screen to a
height of at least one foot above the top of the screened
interval. A one foot thick layer of bentonite pellets was
placed on top of the sand pack to seal the screened interval
from vertical infiltration through the annular space. The
seal was completed by pouring a cement-bentonite grout
mixture into the annular space. Care was taken to produce a
continuous grout seal above the sandpack. Each well was
completed with the installation of a protective steel casing
that was cemented in place over the top of the well seal.
Flush mount protective casings were required for the wells
installed on the ramp to prevent interference with aircraft
traffic. Wells installed in grassy areas of the Base were
completed with 1.5 to 2 feet of stick-up above ground level.

Typical well construction details for wells constructed in
both concreted and grassy areas of the Base are included in
Figure 3-3. Well completion summaries for all shallow
monitoring wells are presented in Appendix F and summarized
in Table 3-2. Each well was developed by bailing a minimum
of three times the volume of standing water in each of the
well casings at which time the wells were clear.

3.3.6 Bedrock Monitoring Well installation

Six deep monitoring wells were installed in the shale and
limestone bedrock below the site to evaluate the depth to
groundwater, detect the presence of fuel contamination in
the bedrock aquifer, and determine the directions of
groundwater flow below the Base. The location of each of
these wells is indicated in Figure 3-2.

initial drilling for each bedrock monitoring well was
completed by drilling an 8-inch hole through the
unconsolidated materials and five feet into competent
bedrock using standard wash-rotary techniques with a clean
water drilling fluid. Four-inch, schedule 80, PVC casing

Ap was inserted to the bottom of the boring. A cement-
bentonite ground mixture was pumped through a tremie pipe
down the outside of the casing to the bottom of the hole and
the annular space was grouted to the surface. Af ter the
grout had set at least 24 hours, a 3.50 inch diameter open
hole was drilled through the casing to 30 feet below the

p first anticipated water bearing zone using the same methods.
Typical well construction details for deep monitoring wells
installed in both concreted and grassy areas of the Base are
included in Figure 3-4. well completion summaries for all
deep monitoring wells are presented in Appendix F and are
summarized in Table 3-2.
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Following completion of drilling, each well was developed by
blowing water out of the well with compressed air to remove
drill cuttings from the well. Monitoring of the drilling
fluid and cuttings with the OVA and ftNu instruments
indicated no organic vapors were present. Drilling fluids
and cuttings were containerized in steel drums for
subsequent collection and disposal by Base personnel.

3.4 Groundwater Sampling

Groundwater samples were collected from each of the 12
monitoring wells for oil and Grease analysis during the
period from 2 January to 5 January, 1985. Samples were
collected following well development to assure that only
fresh, representative groundwater was obtained. All
sampling equipment was decontaminated prior to sampling at
each well. The bailer was scrubbed with a detergent
solution, rinsed with clean water, sprayed with acetone and
rinsed with distilled water. Clean equipment was wrapped in
plastic bags for handling.

All required sample containers were prepared by WESTON
laboratories in accordance with standard U.S.EPA or U.S. Air
Force supplied procedures and protocols. The sample
containers required for Oil and Grease analysis of each well
consisted of a single one liter amber glass bottle preserved
with sulfuric acid. The samples were cooled and shipped to
WESTON's laboratory for analysis.

While taking groundwater samples for laboratory analyses the
WESTON field team also analyzed grab samples from each well
for temperature, specific conductance, and pH, The pH was
measured with an Orion Model 201 portable pli meter. The
instrument was calibrated with a standardized pH=7 solution
before each measurement. Specific conductance was measured
with a horizon Model 1484-10 portable conductivity meter
which was calibrated to a standardized 1900 umho solution,
before each measurement. A pocket thermometer was used to
record temperature. Each of these measurements was done in
quadruplicate to assure that a representative value was
obtained. Results of this testing are presented in Table
3-3.

In addition to the samples collected from each well, a
duplicate sample and field blank were prepared for QC/QA
purposes. The field blank was prepared by pouring distilled
water into a sample bottle while in the field. Field
sampling sheets which document the above procedures are
included in Appendix G. Sample chain-of-custody
documentation is contained in Appendix H. Standard
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TABLE 3-3

SUMMARY OF WATER QUALITY FIELD TESTING

Specific
Conductance*

Well T
0
C PH* (urnhos/cm)

SW-I 12 7.18 1227

SW-i (Duplicate) 12 7.18 1227

SW-2 12 6.75 1200

SW-3 11 6.64 2175

SW-4 11 7.95 1975

SW-5 11 6.91 935

SW-6 13 6.83 1881

DW-i 14 7.12 1394

DW-2 13 7.19 1294

uv-3 13 7.03 1449

DW-4 14 6.69 1185

qOW-5 14 8.58 2153

DN-6 12 7.60 2025

Ap
*Average of Four Readings
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Laboratori analysis protocols used in th6, analy31s of these
samples Are contained in Appendix I.

3.5 GROUNDWATER ELEVATION SURVEY

The PVC casing elevation of all 12 monitorLnU wtills were
surveyed to the nearest 0.1 foot by a Stat-, of Kansas
i censed surveyor. The purpose of the survey was to

estabI ish references from whIch to measure depth to
groundwater so that the watertable and piezometric surface
gradients and directions of flow could be established.
All elevations were referenced to permanent benchmarks
located on the Base property. Table 3-4 presents a summary
of well elevations and construction details.

3.6 WATER LEVEL MEASUREMENIS

Three rounds of water level measurements were made. Two
rounds were made at the time of sampling during the period
January 2-5, 1985, and another round was made independent of
sampling activities on 4 February, 1985. All readings of
monitoring wells were referenced to the top of PVC casing
using a steel surveyor tape and chalk. lable 3-4 summarizes
all calculated water surface elevations.

During the process of measuring water levels, each well was
checKed for the presence of floating fuel. The thickness of
fuel was determined by coating a steel tape with water
sensitive paste and subtracting the depth to fuel from the
depth to water.

3.7 BAILDOWN RECOVERY TESTS

Baildown recovery tests were performed on six of the
monitoring wells to evaluate subsurface permeability. A
baildown test measures the rate of recovery of the water
level in a well after an instantaneous withdrawal. Because
the wells penetrate materials of varying permeability, the
test results represent an averaged permeability of the
strata open to the well. Baildown test data and the
reference used in analyzing this data are included in
Appendix J.
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TABLE 3-4

SUMMARY OF MONITORING WELL
WATER ELEVATION SURVEY

FORBES FIELD AIR NATIONAL GUARD BASE

TOPEKA, KANSAS

GROUNDWATER ELEVATIONS

Well # 1-3-85 1-4-85 2-4-85

SW-i 1025.32 1023.67 1025.24

SW-2 1035.81 1035.82 1035.56

SW-3 1030.67 1030.82 1030.38

SW-4 - 1029.62 1029.67

SW-5 1035.75 1035.67 1035.07

SW-6 1022.78 1022.84 1022.43

DW-1 1043.15 - 1041.87

DW-2 1038.77 1040.56 1040.65

DW-3 - 1031.07 1034.20

DW-4 1024.92 1016.81 1022.69

Dv-5 1027.22 1027.22 1025.44

DW-6 - 1022.50 1023.47

- Well not recovered following development
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SECTION 4

INVESTIGATION RESULTS

4.1 STORM SEWER MANHOLE INSPECTION

The inspection of the Base storm sewer system with OVA and
HNU instruments revealed no detectable organic vapors in any
of the manholes along the ramp. A slight sheen was however
detected floating on the surface in the manhole located
northeast of Building 665. Base personnel theorized that
one ot the shops on site may have disposed of waste oily
materials in an open manhole. The sheen could also have
been produced by seepage of fuel into the sewer from
surrounding materials.

Organic vapors were detected in the air inside the control
valve pits at the end of laterals seven, eight and nine.
These organic odors are likely associated with the known
leaks at fueling hydrants 7A and BA. The occurrence of the
odors in the control valve pits, confirmed by accounts of
Base personnel of JP-4 accumulations shortly after the leaks
were discovered, suggests the backfill materials around the
fuel pipelines have acted as conduits for JP-4 migration
from the leakage points.

Headspace analysis of the water samples collected from the
sewer near the end of lateral eight showed a concentration
of volatile organic vapors of 15 parts per million (ppm) in
air. Each of the other water samples collected showed no
detectable organic vapors. This data confirmed that the
areas of the Base around laterals seven, eight and nine
would be the areas most likely to be contaminated with JP-4.
Subsequent portions of the investigation were designed to
evaluate the potential existence of contamination in the
soil and groundwater in those areas. The results of manhole
and storm water screening with the OVA and HNU instruments
are presented in Table 4-1. Manhole and stormwater
collection locations are illustrated in Figure 4-1.

4.2 SITE GEOLOGY

Based on the geologic records reviewed during the pre-survey
effort and the borings completed during this investigation,
the entire base is underlain by 10-20 feet of clays and
silty clays which were apparently derived from weathering of
the underlying bedrock formations. A thin veneer of Glacial
Drift, composed of silty clays and sands, is known to cover
bedrock in some portions of the general area, but was not
encountered in the borings completed for this study.
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TABLE 4-1

MANHOLE FIELD SCREENING DATA

(Screened 11/20/84)

Manhole # HNU (ppm) OVA (pp)

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

10 0 0

11 0 0

12 0 0

13 0 0

14 0 0

15 0 0

16 0 0

17 0 0

18 0 0

19 0 0

20 0 0

21 0 0

22 0 0

23 0 0

24 0 0

STORMWATER SCREENING RESULTS

(Collected and screened 11/21/84)

Manhole # HNU (Rm OVA_(ppm)

8 15 0

7 0 0

17 0 0

20 0 0
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Structural f ills were encountered in various areas of the
Base. These fills generally consist of native silty clays
which were used to bring low areas to grade. Fine to medium
grained sand comprises some of the fill which was placed
around buried pipelines. In many locations the natural
sediments above bedrock may have been completely replaced by
fill material.

Bedrock beneath the Base consists of gray shales interbedded
with thin limestone beds. Many of the shales contained
stringers of limestone and sandstone. Figure 4-2 is a
geologic cross section of the Base which illustrates the
relationship between bedrock and the overlying deposits.
Boring logs from each of the borings and wells completed on
the Base are provided in Appendix F.

4.3. SITE GROUNDWATER CONDITIONS

4.3.1 Groundwater in Unconsolidated Materials

Groundwater is found within the unconsolidated surficial
materials at shallow (4-12 feet) depths. Figure 4-3 shows
the relationship of subsurface conditions to the
construction of monitoring wells within the unconsolidated
deposits. The groundwater elevation data presented in Table
3-4 has been used to prepare the water table map given in
Figure 4-4. Water table contours are prepared by
interpolating between points of known elevation. Horizontal
flow at the water table is perpendicular to the contours of
the water table surface. Flow across the site in the
surficial sediments is dominantly from the southeast to the
northwest toward the unnamed tributary to Shungunuga Creek
which flows along the northwest boundary of the Base. A
localized mounding of groundwater is apparent in the
vicinity of well SW-2. The reason for this mound is unclear
but may be related to the presence of fill materials in this
area as noted in the more permeable fill material rather
than migrating through the natural soils and thus form a
groundwater mound.

In addition to flow through the natural materials, the
construction of sewers and pipelines in the sediments has
provided a manmade conduit for groundwater flow, especially
where sand has been used as backfill. Freeze and Cherry,
1979, state that typical hydrAulic conductivities in medium
sand range from 1 to 10" cm/sec whereas_ in clay,
hydraulic conductivities usually range from 10~ to l0-
cm/sec. Translated to groundwater velocities, the median
velocity in sand is about 310 feet/year and in clay is .016
feet/year. Therefore, flow through sandy fill areas will be
more rapid than through the natural clayey materials and
follow the direction of the pipeline grade in much the same
manner that a French drain operates. These "drains" can
exert a strong influence on localized groundwater flow
through the natural clays in their vicinity.
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4.3.2 Groundwater in Bedrock

Groundwater in the bedrock system is found under semi-
confined conditions. Figure 4-5 shows the relationship of
subsurface conditions to the construction of monitoring
wells in the bedrock. Figure 4-6 is a piezometric head
contour map of the bedrock flow system. Flow is generally
from east to west with a component of flow toward the
southwest on the north end of the Base and toward the
northwest near the bulk fuel storage tanks. In each case
flow is generally toward the creek on the northwest boundary
of the Base.

Water in bedrock appears to be confined by the overlying
clays and by shale beds within the system but are
hydraulically connected to groundwater in the unconsolidated
materials, especially where construction activities have
penetrated bedrock or removed overburden (i.e., storm
sewers).

4.3.3 Groundwater Flow Velocity

Average linear flow velocities for groundwater at the water
table can be estimated using the following relationship:

V=Ki
n

where: V = Velocity of flow
K = Coefficient of permeability

i = Hydraulic gradient (vertical or horizontal)
n = Porosity

Permeabilities, estimated from baildown recovery tests, are
shown in Table 4-2. These tests measure the rate of
recovery of the water level in a well after an instantaneous
withdrawal. Because the wells penetrate materials of
varying permeability, the test results represent an averaged

permeability of the strata open to the well. The test
results for wells open only to u consolidated deposits
ranged from 8 x 10- 4 cm/sec to 3 x 10- cm/sec.

Test results for well% open only to bedrock were 1 x 10- 5

cm/sec and 2 x 10-  cm/sec. In this situation, the
baildown test averages the relatively higher permeabilities
of the fractured and weathered zones with relatively lower
permeabilities of unfractured zones. The values used to

4-8
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TABLE 4-2

SUMMARY OF PERMEABILrrIES FROM BAILDOWN TESTrS

FORBES FIELD AIR NATIONAL GUARD BASE
TOPEKA, KANSAS

Aqu i fer

Monitoring K K K Portions

4ellNumber (ft/min) (cm/sec) (ft/day) Tested

DW-1 4.174x10-6  2.12x10-6  6.01x10-3  Rock

DW- 5 2.313x10-5  1.18X10-5  3.33x10-2  Rock

SW-i 6.109x10-5  3.I0xlO' 5  8.80X10-2  soil

SW-2 5.07lx1lO5 2.58x10-5  7.3xl10 2  soil

SW-3 4.826x10-4  2.45x10-4  .69 soil

SW-6 1.602xl10 3  8.14x10-4  2.31 soil

4-11
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estimate flow velocities will be the high and low values
obtained in both the unconsolidated and bedrock formation
wells.

Horizontal hydraulic gradients are equal to the slope of the
water table surtace. Gradients calculated on the Base
ranged from 0.006 ft/ft between DW-2 and DW-5 in the
bedrock, and 0.012 ft/ft between SW-5 and SW-I in the
unconsolidated deposits. P.rosities for soil and limestone,
estimated from tables published in the literature (Freeze
and Cherry, 1979) are 40 percent and 20 percent,
respectively.

Estimated Horizontal Velocities

o Bedrock - Maximum Velocity

K = 3 x 10-2 ft/day; i = 0.006; n = 0.20
v = 0.0009 ft/day or 0.3 ft/year

o Bedrock - Minimum Velocity

K = 6 x 10-3 ft/day; i = 0.006; n = 0.20

v = 0.00018 ft/day or 0.07 ft/year

o Unconsolidated - Maximum Velocity

K = 2 ft/day; i = 0.012; n = 0.40
v = 0.06 ft/day or 22 ft/year

o Unconsolidated - Minimum Velocity

K = 8 x 10-2 ft/day; i = 0.012; n = 0.40
v = 0.002 ft/day or 0.9 ft/year

Comparison of these estimates indicates that maximum and
minimum velocities vary by about one order of a magnitude
between materials. This variation in flow velocities
suggests the existence of two separate flow systems rather
than a single interconnected flow system. Groundwater in
the unconsolidated deposits above bedrock is more mobile
than water in the bedrock system.

It can also be assumed that groundwater flow velocities are
likely to be substantially higher in sandier backfill
materials around pipelines. This is clearly evidenced by
the short time period between when a fuel leak occurred and
when it was observed. Consequently, velocities for
contaminant movement are likely to be higher than those
calculated above if the pipeline trenches are migration
pathways.

4-12
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The vertical gradient between the unconsolidated and bedrock
f low systems was determined between wells DW-5 and SW-i.
The vertical gradient at this location was 0.002 ft/ft in an
upward direction. Thus, vertical groundwater flow at this
location is from the bedrock into the overlying deposits,
and any contaminants present in the unconsolidated materials
would tend not to migrate vertically into the bedrock zone.

4.4 ANALYTICAL LABORATORY RESULTS

4.4.1 Soil Analyses

As discussed previously, soil samples collected during
drilling and sampling were screened using the OVA and HNu
field instrumentation for the potential presence of organic
vapors. A total of ten representative soil samples, which
exhibited positive field instrumentation response, were
selected for laboratory analysis for oil and grease. The
sample locations selected, OVA and HNu meter responses
recorded in the field and analytical results are summarized
in Table 4-3.

The analytical data indicates concentrations of oil and
grease typically in the 25 to 50 ppm range at the sampling
locations. The oil and grease concentrations were
substantially higher at Boring B-10 (adjacent to fueling
hydrant 8-A) and SW-5 (adjacent to the intersection of the
storm sewer and fuel pipeline from pumphouse E) where
concentrations were reported of 686 ppm and 829 ppm,
respectively. Fuel hydrant 8-A is a known lcoation of fuel
leakage and well SW-S encountered a thin floating phase of
fuel.

The data in Table 4-3 would suggest that OVA meter readings
alone are not a reliable indicator of the presence of JP-4
in the soil. The OVA will also detect naturally occurring
methane from decomposition of organic matter which was noted
in many of the boring logs. The HNu, however, shows good
agreement between a positive instrument response and high
oil and grease concentrations (methane cannot be detected by
the HNu using a 10.2 eV lamp). Review of the boring logs
also shows positive HNu meter responses at Boring B-7 (8.2
to 13.2 feet), located between laterals 3 and 4, possibly
suggesting the presence of oil and grease there.

Given the large quantities of fuel handled at the Base, it
may not be unreasonable to suspect low concentrations of oil
and grease (i.e., JP-4) in the soil under the fueling ramp
and fuel storage/handling areas. High concentrations of oil
and grease in soil are documented in Table 4-3 in areas in
relatively close proximity to known fuel leak locations
and/or migration pathways. The significance of these data
will be a function of the specific organic compounds which
comprise the oil and grease concentration values.
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4.4.2 Groundwater Quality Analyses

Oil and grease by Infrared (Method 4132) was chosen by OEHL
as an indicator parameter to be used to indicate
contamination by JP-4. This method is applicable to
measurement of most light petroleum fuels, although loss of
about half of any gasoline present during the extraction
manipulations can be expected. The results of the oil and
grease analyses performed on samples collected from each of
the monitoring wells are presented in Table 4-4.

Nine of the twelve water samples collected from the
monitoring wells contained oil and grease at concentrations
above the detection limit of 0.10 mg/l, while the remaining
three samples had no detectable oil and grease.

Concentrations of oil and grease range from a high of 3,970
mg/l in well SW-5 to below detection limits in wells DW-2,
DW-3, and DW-4. Those wells finished in the unconsolidated
materials above bedrock generally show greater
concentrations than those cased into competent rock.

Monitoring wells DW-2, DW-3, and DW-4 are all located
upgradient or to the side of suspected source areas and are
not contaminated with oil and grease. However, DW-1 is
located upgradient of known source areas and was found to
contain 0.71 mg/l oil and grease. It is suspected that DW-l
is being affected by potential sources located off the
present KSANG property.

Monitoring wells SW-2 and SW-3 were placed adjacent to the
fuel distribution lines leading to laterals 7 and 8,
respectively. These locations were selected in order to
evaluate the presence of JP-4 in the groundwater in the
vicinity of known leaks. Well SW-4 was located between
laterals 7 and 8 to evaluate migration of contaminants
between known source areas. Oil and grease was detected in
groundwater at all of these locations.

The location of well SW-5 was chosen to evaluate the
presence of JP-4 at the intersection of fuel distribution
lines from pumphouse E and the storm sewer system. A
floating layer of fuel 0.2 feet thick was found in well
SW-5. Monitoring well SW-6 was placed along the storm sewer
at the north end of the Base to evaluate whether the
contamination extended the full length of the storm sewer
system. While no free floating layer of fuel was found in
well SW-6, the oil and grease concentration in this well was
found to be slightly elevated.

4-15
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TABLE 4-4

SUMMARY OF WATER QUALITY ANALYTICAL RESULTS

Well Oil and Grease (mg/i)

SW-i 1.09

SW-i (Duplicate) 3.27

SW- 2 1.75

SW-3 .23

SW-4 .45

SW-5 3970

SW-6 2.03

DW-1 .71

DW-2 (.10

DW-3 (.10

DW-4 <.10

DW-5 1.39

DW- 6 .17

Detection Limit .10

Taste and Odor Threshold .01
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Monitoring wells DW-5 and SW-i were located downgradient of
the known source areas to evaluate whether contaminants have
migrated through the bedrock and unconsolidated flow systems
toward the northwest. Well OW-5 showed the highest
concentration of oil and grease of any of the bedrock
monitoring wells. The concentration of oil and grease in
well SW-i was also slightly elevated. The existence of oil
and grease in both wells DW-5 and SW-i indicates that
contamination is entering the bedrock flow system as well as
the unconsolidated system. Introduction of fuel to the
bedrock probably occurs where Base activities (sewer and
pipeline construction) have removed the overlying deposits,
and the upward flow gradient would be negated by direct
hydraulic connection of the shallow and deep flow systems.

Well DW-6 was located at the west corner of the bulk fuel
storage area to test for possible contamination in that
area. Analytical results show that oil and grease is
present at low levels in the bedrock flow system at that
location. The source of this contamination is uncertain but
is probably related to the storage facilities or dilution of
contaminants derived upgradient of the Base.

The above data suggest that oil and grease related compounds
are moving to the northwest off the Base property at low
concentration. Further dilution and dispersion can be
expected to occur as the migration distance increases. The
significance of this off-site migration will be dependent on
the specific organic compounds which comprise the oil and
grease concentrations reported.

4.5 SIGNIFICANCE OF CONTAMINANT MIGRATION

The principal objective of this study was to determine
whether past operations have resulted in environmental
degradation. Indications from sampling show that releases
to the environment have occurred. The consequence of these
releases are that fuel is migrating from the Base through
the groundwater toward the creek at the northwest edge of
the property. Also, contaminants are migrating on-site from
the east in the lower aquifer as evidenced by contamination
in upgradient well DW-1. The source of contamination is
most likely from past breaks of laterals off-site as well as
a fire training area which was located to the east.

Contamination in groundwater may reach the creek by one of
two methods. It may migrate through the natural materials
with groundwater flow until it reaches the creek, or
alternatively, contaminants may migrate along the disturbed
areas in the soil (where pipelines have been constructed) at
rates higher than through natural materials. The data
collected in this study indicates that both of these methods
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of contaminant transport are in operation. Oil and grease
was found in wells located along the storm sewer system as
well as in wells downgradient of known source areas. In
either case, it is believed that contaminants released from
the fuel handling facilities at Forbes Field will migrate to
nearby surface waters.

No standards exist for the concentration of oil and grease
in groundwater. oil and grease was found to be in excess of
the taste and odor threshold of 0.01 mg/l in nine of the
twelve wells installed on Base. The remaining three wells
had no detectable oil. and grease at 0.10 mg/l, the limit of
detection for this study. The conclusions drawn from this
information should be evaluated with this understanding.

4.6 CONCLUSIONS

Based on the results of this study at Forbes Field ANGB, the
following key conclusions have been drawn:

4.6.1 General Conclusions

o Unconsolidated sediments at the Base consist of
clays and silty clays which were apparently
weathered from underlying materials. Bedrock
consists of shales with interbedded limestones and
some sandstone stringers.

o Groundwater beneath Forbes Field ANGB occurs under
water table conditions in the unconsolidated
sediments above bedrock and under confined
conditions within permeable zones of bedrock.

o General groundwater flow is from east to west
toward the unnamed tributary to Shungunuga Creek
which is located at the northwest edge of the Base.

o In areas where natural unconsolidated materials
overlie bedrock, an upward component of flow exists
from bedrock into the unconsolidated materials.

4.6.2 Presence of Contaminants

o Concentrations of oil and grease in excess of the
taste and odor threshold were found in nine of the
twelve groundwater monitoring wells sampled.

" Oil and grease was found in all ten soil samples
submitted for chemical analysis.

o A floating layer of fuel 0.20 feet thick was found
in shallow monitor well SW-5.

4-18
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o The presence of oil and grease in deep monitor well
DW-1, which is located upgradient of suspected
source areas on the Base, indicates the potential
that contaminants are migrating onto the Base from
other areas.

4.6.3 Migration of Contaminants

o Contaminants may enter the groundwater flow system
by percolating through surficial materials or by
introduction to the shallow bedrock in locations
where overlying materials have been removed.
Trenching for construction of sewers and fuel lines
has created conduits for migration of contaminants
into bedrock and laterally to the storm sewer
system. This is evident in well SW-5 where fuel
has accumulated in backfill materials surrounding a
fuel distrubution line and by past discharges of
fuel to the storm sewer system.

o The fate of contaminants migrating from Base
facilities in groundwater is to travel laterally
toward the tributary to Shungunuga Creek which
flows along the western boundaries of the Base. It
is not known if contaminants have now reached this
point.

4.6.4 Significance of Findings

o The effects on the environment of any contaminants
which may leave the Base are unknown at this time.
The identity of the specific compounds leaving the
Base must be known before this determination can be
made.

o The relatively low levels of contamination
encountered in the majority of locations tested
seems to indicate that much of the fuel released to
the environment by the known leaks has been either
flushed from the subsurface or cleaned up by base
efforts.

o Contaminant levels appear to diminish rapidly with
distance from source area. This trend is expected
to continue as distance from the source is
increased.

4-19
I



SECTION 5

RECOtMENDAT IONS

Trhe principal goal of this study at Forbes Field Air
National Guard Base was to determine whether or not
environmental degradation was occurring as a result of
materials handling practices at the installation. The
results presented in Section 4 confirm that the groundwater
and soils in the immediate area of fuel handling
installations have been affected. These preliminary
findings require additional verification which is discussed
below. These recommendations are intended to evaluate
whether contaminants are leaving the Base, and if so, which
contaminants and at what concentrations.

The following additional work is recommended for Forbes
Field AN'GB.

1) An additional round of samples should be taken from
existing wells DW-l through DW-6 and SW-1 through
SW-6 to verify the results obtained from the first
sampling round. The parameters tested should be
expanded to include U.S.EPA Priority Pollutant
volatile organic compounds plus xylene.

2) Five additional groundwater monitoring wells should
be constructed between Base facilities and the
drainage way on the northwest side boundary. Four
wells should be installed along the northwest
boundary to determine if groundwater quality is
being impacted at the downgradient edge of the
property. Three of these wells should be completed
in the unconsolidated deposits to monitor migration
in the upper flow system. The remaining well
should be a deep well located to monitor
contaminant migration in the bedrock flow system.
The fifth well should be installed at the northeast
corner of the bulk fuel storage tank farm near the
head of the surface water drainage ditch. Samples
from these wells should be analyzed for the
expanded parameter list.

3) Surface water samples should be collected from
three locations in the drainage ditch on the
northwest property boundary. One sample should be
collected upstream of the bulk fuel storage area.
The second sample should be collected mid-way
between bulk fuel storage and the storm sewer
outfall. The third sample should be collected from
the area of the storm sewer outfall. Analysis of
these samples should be for the expanded list of
analyses.

5-1r
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4) At least one shallow monitoring well should be
installed on the eastern edge of the site to
monitor contamination possibly migrating on site
from the east in the upper aquifer.

5) During collection of the next round of samples, the
elevation of the stream bottom should be surveyed
to determine whether the stream is recharging the
groundwater system.
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APPENDIX A

ACRONYMS, DEFINITIONS, NOMENCLATURE

AND UNITS OF MEASUREMENT



ANGB Air National Guard Base

ASTM American Society for Testing and Materials

Bldg. Building

CERCLA Comprehensive Environmental Response Compensation

and Liability Act of 1980

cm/s Centimeters per second

DEQPPM Defense Environmental Quality Program Policy

Memorandum

DoD Department of Defense

0C Degrees Centigrade

OF Degrees Fahrenheit

ft/min Feet per minute

gpm Gallons per minute

HARM Hazard Assessment Rating Method

hr Hour

in Inches

IRP Installation Restoration Program

MS Master of Science Degree

KSANG Kansas, Air ational Guard

ug/l Micrograms per liter (equivalent to parts per

billion in water)

umho/cm Micromhos per centimeter (units of Specific
Conductance)

mg/l Milligrams per liter (equivalent to parts per
million in water)

mg/g Milligrams per gram (equivalent to parts per thousand
in soil)

mgd Million gallons per day

MSL Mean Sea Level Datum

N North

No. Number

O & G Oil and Grease

OEHL Occupational and Environmental Health Laboratory
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Percent

P.G. Registered Professional Geologist

Ph.D. Doctor of Philosophy Degree

ppb parts per billion (equivalent to ug/l in water)

ppm parts per million (equivalent to mg/i in water)

QA/AC Quality Assurance/Quality Control

RCRA Resource Conservation and Recovery Act of .976

TAC Tactical Air Command

USAF United States Air Force

USEPA United States Environmental Protection Agency
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APPENDIX B

Scope of Work TASK ORDER 0051



5 5 JUL V94

OROUND-WAXER OONTANIIATION STUDI
FORBES FIELD LVG BASE KS

1. Description of Work

The purpose of this task is to determine If soil and ground-water
oontaminatlon bays resulted from fuel storage, distribution, and use
at Forbes Field ANGB 13; to provide estimates of the magnitude and
extent of oontamination, If present; to identify potential environ-
mental consequences of migrating pollutants; to Identify any additional
Investigations and their attendant costs necessary to Identify the
magnitude, extent, and direction of movement of discovered contaminants.

Ambient air monitoring of hazardous and/or toxic material, for the
protection of contractor and Air Force personnel, shall be accomplished
when necessary, especially during the drilling operation.

The presurvey report (mailed unoer separate over) Incorporated back-
ground and description of the facility for this task. To accomplish the
survey, the contractor shall take the following steps:

A. General

1. Determine the areal extent of the facility by reviewing avail-
able historical and recent aerial photos of the base.

2. A total of 10 soil borings and 12 monitoring wells shall be
Installed. Maximum depth per soil boring shall be 10 feet. Maximum depth
of each bedrock well is TO feet. Maximum depth of each shallow well is
10 feet.

3. Locations of all soil borings and monitoring wells shall be
staked out wita a representative fram base Civil Nagineering to ensure
that fuel supply, drainage, and utility lines are not intercepted.

4. Ground-water monitoring wells shall comply with U.S. EPA
publication 330/9-81-002 NETC Manual for Groundwater/Subsurface InvestL-
stions at -azardous Waste Sites, and State of ansas requirements for
monitoring well installation. Only screw type joints shall be used. Glued
fittings are not permitted.

5. Wells ball be of sufficient depth to intercept contaminants
If they are present. All wells shall be developed, water levels measured,
and locations surveyed and recorded on a site map.

6. All water samples shall be analyzed on-site by the contractor
for pH, temperature, and specific conductance. Sampling, maximum holding
time, and preservation of smples shall ouply strictly with the follow-
ing references: Standard Methods for the e ntion of Valr and Waste-
water, 15th 9d. (1980), pp 3542; A t, Section 11, and Nethoda for hemieal
Analysis of aters and Wastes, ZPA anual 600/f-79-020, pp Rill to xzi
(1979). All water and soil smples shall be analysed using minimum detection
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levels as specified in'Items 1.3.2.o and X.9.2.0 below, end in Attachment I to
this statement of work.

7. Field data collected for each site shall be plotted and mapped.
The magnitude and potential for contaminant flow to reoeiving streams and
ground waters shall be determined or estimated.

S. In addition to Items delineated In A above, conduct the following

specific actions at Forbes Field LNGB:

1. Inspection of Storm Sewers

a. A maximum of 20 manholes leading to the storm sewer system in
the area of suspected fuel leakage shall be entered and Inspected for evidenoe
of fuel. The Inspection shall consist of both visual observations and testing
with a portable Organic Vapor Analyzer (OVA), and an HNU photolonizer (HNU).
The contractor shall veer appropriate safety equipment; a KS AUG
representative will be present above ground when the contractor enters
manholes.

b. A maximum of five stormwater samples shall be collected from
the manholes, and screened with the OVA and HNU.

2. Field Investigation

a. A maximum of ten soil borings shall be made to determine if
fuel is present In the unconsolidated sediments. Depth per boring shall not
exceed ten feet.

(1) One boring shall be located at each of the three pump
houses (E, G. and H).

(2) One boring shall be extended through the concrete between
laterals 2 and 3; one between laterals 4 and 5; one between laterals 7 and 8;
one between fueling hydrants A and B.

(3) The locations of the remaining three borings shall be
determined by the contractor in the field.

b. Continuous split-spoon sampling shall be used for sample
collection. The OVA and BNU shall be used In the field to detect the presence
of organic compounds In the soil Samples, and as an aid In selecting
representative samples for laboratory analysis.

a. A maximum of ten soil samples shall be chosen for analysis.
Each soil sample shall be analyzed for oil and grease by the Infrared method,
EPA 413.2 (OG/IR). The detection level required is 100 ug/g.

d. A maximum of 12 ground-water monitoring wells shall be
Installed.

(1) Six wells (four Inch diameter) shall be constructed Into
the limestone and shale bedrock. PVC'oasing shall extend to five feet into
competent bedrock. Raab well shall extend to 30 feet below the water table In



the bedrock. The depth of each veil hall Dot exceed TO toot. Soil mples
shall ot be taken dur a bedrock well oonstructlon.

(a) One well hall be Installed at each of the following
locations: the northwest orner of the site Dear the storm sewer culvert; the
northeast edge of the site at the ano of lateral 8; the southeast edge of the
site near building 660; the southwest corner of the site near the three 190
series fuel atorage tanks.

(b) The location of two wells shall be determined In the

field.

(2) Six shallow veils (two Inch diameter) shall be

constructed into the silty clays which overlie bedrock, and Into the backfill
materials which surround buried pipelines. The depth of each veil shall not
exceed ten feet. The contractor shall perform split-spoon sampling during
construction of shallow wells. Wells shall be constructed of PVC casing and
screen. Screen length shall be five feet In each well. The bottom three feet
of each screen shall be set below the saturated zone and the top two feet
shall extend two feet above the saturated zone.

(a) Two wells shall be located in backfill materials

around the storm sewer which drains the areas around laterals 7 and 8, on the
west side of the fueling pad.

(b) One well ahall be located in undisturbed silty clays

between laterals 7 and 8.

(a) The location of the remaining three shallow vells

shall be determined In the field.

(3) Elevations of all wells shall be surveyed BY THE

CONTRACTOR to an error of less than 0.1 foot.

(4) Following well installation, field baildown tests shall

be performed on six wells (determined by the contractor) as a test of
subsurface permeability.

(5) Prior to ground-water sampling, the depth to ground water

shall be measured. If fuel is present In the well, the thickness of the fuel
layer on the water table shall also be measured.

e. Collect one ground-water sample from each well (a total of 12

samples). Analyze each ground-water sample for O&G/IR. The detection level
required Is 0.1 mg/L.

C. Well and Borehole Cleanup

All well and boring area drill cuttings shall be removed and the
general area cleaned following the completion of each well and boring. Only
those drill cuttings suspected of being a hazardous waste (based on disoolor-
ation, odor, or organic vapor detection Instrument) shall be properly
oontainerized (according to local €ivil engineering office requirements) by
the oontractor for eventual goverment disposal. The suspected hazardous
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waste shall be tested (maximum of fve samples) by the oontractor for gP
Toxicity and ghitabilit7. The oontraotor 18 not responsible for ultimate
disposal of the drill cuttings. Disposal will be oonducted by base personnel.

V. Data Review

Results of sampling snd analysis shall be tabulated and Inoorporated
Into the monthly R&D Status Reports and forwarded to the USAF OEML for review
as soon as they become available, as specified in Item VI below.

E. Reporting

1. A draft report delineating procedures used and all findings
of this field Investigation sball be prepared and forwarded to USAF OEHL/TS,
as specified In Item VI below, for Lir Force review and comment. The
report shall follow the USAF OEHL supplied format (mailed under separate
cover). The report shall include:

a. A discussion of the regional hydrogeology.

b. Results of the storm sever inspection.

c. Logs of monitoring wells and borings, soil cross sections, and
ground-water level data.

d. Water and soil quality analyses results.

e. Napped and contoured data to indicate direction of potential
fuel migration.

f. Estimates of the rates of movement of ground water and fuel

(If present), and probable travel paths.

g. I discussion on the potential for off-site migration of fuel
(it present), and probable receiving waters.

b. Field and laboratory quality assurance information.

2. Wbere survey data are insufficient to properly determine or
estimate the magnitude ano direction of movement of discovered contami-
nants, fully justified, specitio recommendations shall be made for
additional efforts required to properly evaluate fuel migration.

F. Cost Estimates

The contractor shall provide cost estimates for all additional work
recommended to permit proper determination of fuel presence and extent of
migration. The recommendations shall Include all efforts required to
determine the magnitude and direction of movement of discovered fuel, along
with an estimate of the time required to accomplish the proposed effort. This
Information shall be provided In a separately bound appendix to the draft
final report.
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0. Heotins

The contractor's project leader shall attend one seeting with Air
Fore headquarters and regulatory &&ency personnel, to take plaoe at a tUie to
be specified by the USAF ODIL. The meeing shall take place at Forbes Field
ANGD, for a duratlon of one dy (eight bours).

II. Site Loostion and Dates

Forbes Field ANOB
Topeka KS
Dates to be established

Ill. Base Support: None

IV. Government Furnished Property: None

V. Government Points of Contact: --

1. ILt Dulcle A. Weisman 2. ILt David P. Gibson
USAF OEHL/ECQ USAY OEHL/ECQ
Brooks AFB TX 78235 Brooks AYB TX 78235
(512) 536-3305 (512) 536-3305
AV 240-3305 AV 240-3305.

3. Lt Col Kenneth L. Simpson 4. Lt Col Michael C. Washeleski
190tb APG/DE ANGSC/SG

Forbes Field ANGS KS 66620 Andrews AFB AD 20331
(913) 362- 6 -Ih- 3 4. *4887 (301) 981-5926
AV 720-4827 AV 858-5926

VI. In addition to sequenoe numbera 1s , 5 and 11, wh~cb are listed in
Attachment I to the contract, and are applicable to all contracts, the
sequence number listed below is applicable. Also shown is date applicable
to this order:

aForward one copy of the R&D Status Report to all government POCa identi-
fied In Section V.

Sequence no. Block 10 Block 11 Block 12 Block 13 Block 14

OTI4 84 DEC 28 85 JAN 18 85 Nar is

*Fiftoen oopies of the draft final report shall be forwarded to USAF OEfiL/TS,
for A. review and comment. One copy of the final report shall be forwarded to
the USAF ODIL project officer to verify that o0auents have been inoorporated.
Upon acceptance by the USAF OIL, twenty-five oopies of the final report, plus
the camera-ready copy, shall be forwarded to USAF OE L/TS

-AI

#40r



Detection Level n.Srp

OWGIR (EPA method 413.2) 0.1 mg/L (waters)l 100 ug/9 (soil) l2w. los

w a water
a a soil

If drill cuttings are suspected of being hazardous material, five sam~ples shall be
tested for EP Toxicity and Ignitability.

-- -- --- -
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Peter J. Marks

Fields of Competence Key Projects

Project management; environmental analytical USAFIOEHL Brooks AFB. Program Manager for this
laboratory analysis; hazardous waste, groundwater and three-year BOA contract provides technical support in
soil contamination; source emissions/ambient air environmental engineering surveys, wastewater
sampling. wastewater treatment; biological monitoring characterization programs, geological investigations,
methods, and environmental engineering. hydrogeological studies, landfill leachate monitoring

and landfill siting investigations, bioassay studies,
Experience Summary wastewater and hazardous waste treatability studies,

and laboratory testing and/or field investigations of en-
Eighteen years in Environmental Laboratory and En- vironmental instrumentation/equipment. Collection,
vironmental Engineering as Project Scientist, Project analysis, and reporting of contaminants present in
Engineer, Process Development Supervisor, and water and wastewater samples in support of Air Force
Manager of Environmental Laboratory with WESTON. Environmental Health Programs.
Experience in analytical laboratory, wastewater surveys, United States Army Toxic and Hazardous Materials
hazardous waste, groundwater and soil contamination, Agency (USATHAMA), Aberdeen Proving Ground, Mary-
DoD-specific wastes, stream surveys, process develop- -land. Program Manager for three-year basic ordering
ment studies, and source emission and ambient air agreement contract to provide research and develop-
testing. In-depth experience in pulp and paper, steel, ment for technology in support of the DOD Installation
organic chemicals, pharmaceutical, glass, petroleum, Restoration Program. The objective of the Program is to
petrochemical, metal plating, food industries and DoD. identify and develop treatment methods/technology for

Applied research on a number of advanced wastewater containment and/or remedial action. Technology
treatment projects funded by Federal EPA. development for remedial action is to include ground-

water, soils, sediments, and sludges.
Credentials Confidential Client, Ohio. Project Manager of an on-going

contract to conduct corporate environmental testing and
B.S., Biology- Franklin and Marshall College (1963) special projects at client's U.S. and overseas plants.
M.S., Environmental Engineering and Science- Drexel WESTON must be able to assign up to four professionals to
University (1965) a project within a two week notice.

American Society for Testing and Materials Confidential Client (Inorganic and Organic Chemicals).
Product Manager of a current contract to conduct

Water Pollution Control Federation wastewater sampling and analysis of plant effluent for

Water Pollution Control Association of Pennsylvania priority pollutants. The project also includes a
wastewater treatability study to evaluate a number of

Employment History process alternatives for removal of priority pollutants
from the present effluent.

1965-Present WESTON Confidential Client, Utah. Technical Project Manager for

1963-1964 Lancaster County General Hospital in-depth wastewater survey, in-plant study, treatability
Research Laboratory for Analytical study, and concept engineering study in support of the
Methods Development client's objectives to meet 1983 effluent limitations.

WESTON had two project engineers, two chemists, five
technicians and an operating laboratory in the field.
Field effort is six months duration.

Professional Profile
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In conjunction with University of Delaware College, Publications
WESTON analyzed more than 500 biological and marine
sediment samples for eleven constituent trace metals "Microbiological Inhibition Testing Procedure,"
as part of a program to identify and trace the migration Biological Methods for the Assessment of Water Qual-
of metals from ocean dumping of sludges on the con- Ity, A.S.T.M. Publication STP 528.
tinental shelf off the coast of the State of Delaware, "Heat Treatment of Waste Activated Sludge" (with V.T.
acted as Technical Project Manager. Stack).

Project Manager in charge of a wastewater analysis and
biological treatability project for industrial client for the "Biological Monitoring in Activated Sludge Treatment
identification and degradation of six pesticide- Process," a joint paper with Stover/Woldman.
containing wastewaters.

U.S. EPA Environmental Monitoring and Support
Laboratory. Multi-year cont-act to provide reference
laboratory analysis on QA/QC samples produced from
the EPA Analytical Laboratory QA/QC program.

L '
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Frederick Bopp III, Ph.D., P.G.

N

Registration Employment History
Registered Professional Geologist in the State of 1979-Present WESTON
Indiana

1977-1979 U.S. Army Corps of Engineers
Fields of Competence Waterways Experiment Station

1976-1977 University of South Florida
Groundwater resources evaluation; hydrogeologic Department of Geology
evaluation of sanitary landfills and other waste disposal
sites; detection and abatement of groundwater pollu- 1970-1976 University of Delaware
tion; digital modeling of groundwater flow and solute Department of Geology
transport; statistical analysis of geological and 1974-1976. Earth Quest Associates
geochemical data; geochemical prospecting; estuarine President and Principal Partner
geology and geochemistry; trace metal and aqueous
geochemistry. 1974 (Summer) WESTON

1966-1970 United States Navy
Experience Summary Commissioned Officer

Seven years experience in hydrogeology and Key Projects
geochemistry, involving such activities as: assessment
of subsurface water and soil contamination; develop- Project manager on seven task orders for environmental
ment of contamination profiles; evaluation of remedia- assessment services at United States Air Force
tion actions for groundwater quality restoration; quan- facilities in nine states.
titative chemical analysis of water and soil; ore assay
and ore body evaluation; drilling supervisor; Task manager for a Superfund site evaluation in Ohio.
hydrogeologic assessment; pollution detection and Site manager for drum recovery operations in Penn-
abatement; estuarine pollution analysis; application of sylvania and New Jersey.
flow and solute transport computer models; computer
programming; project management; teaching en- Project manager for site assessments of oil and fuel
vironmental geology and geochemistry. spills in four states.

Project manager for closure plan development at a
Credentials hazardous waste landfill in New Jersey.

B.A., Geology-Brown University (1966) Definition and abatement of groundwater contamina-
tion from chemical manufacturing in Delaware.
Flow and solute transport digital model of a heavily-

Ph.D., Geology- University of Delaware (1979) pumped regional aquifer in southern New Jersey.

Sigma Xi, The Scientific Research Society of North Definition and abatement of groundwater contamina-
America tion from chemical manufacturing in the Denver area.
Geological Society of America, Hydrology Division Hydrogeologic impact assessment of on-land dredge

National Water Well Association. Technical Division spoil disposal in coastal North Carolina.

American Association for the Advancement of Science Geochemical prospecting and ore body analysis in
Arizona.

Estuarine Research Federation: Atlantic Estuarine
Research Society

Professional Profile
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Definition and abatement of groundwater contamina-
lion from a hazardous waste site in northern New
England.
Definition and abatement of groundwater contamina-
tion from plating and foundry wastes in eastern Penn-
sylvania.
Operational lest and evaluation of new naval mine ord-
inances in southern Florida.

Publications

'Metals in Estuarine Sediments: Factor Analysis and Its
Environmental Significance". Science, 214 (1981):
441-443.
"The Remobilization o1 Trace Metals from Suspended
Sediments Entering the Delaware Estuary". Presented
at the 27th Annual Meeting, Southeastern Section,
Geological Society of America, Chattanooga, Ten-
nessee, April 1978.
-Trace Metals in Delaware Bay Sediments and Oysters".
Presented at the International Conference on Heavy
Metals in the Environment, Toronto, Canada, October
1975.
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Robert J. Karnauskas, PG.

Registration University of Wisconsin, Madison- Part-time graduate
studies in Business Management (1983)

Certified Professional Geological Scientist and Cer- National Water Well Association, Technical Division
tified Professional Geologist in the state of Indiana.

American Institute of Professional Geologists
Fields of Competence

Employment History
Geological aspects relating to locational and design
considerations of solid and hazardous waste disposal 1983-Present WESTON
facilities: evaluation of organic and inorganic ground- 1977-1983 Warzyn Engineering Inc.
water contamination problems aquifer restoration and
rehabilitation: land disposal of municipal and industrial
wastewaters and sludges physical and chemical char- Key Projects
acterization of industrial waste materials to assess
groundwater contamination potential; groundwater Project Hydrogeologist and/or Project Manager formodeling, evaluation of hydrogeologic aspects of con- several major fly ash disposal facilities for Wisconsin
struction problems, and NPDES permit program coo- Electric Utilities, including site selection, subsurface
dirution pfeasibility evaluations, technical input to engineering
dinat ion design, construction and groundwater monitoring.

Experience Summary Project Hydrogeologist and Project Manager on a major
groundwater contamination study of private water sup-

Six years of professional experience in consulting en- ply wells from cheese manufacturing waste processes.
vironmental engineering. Project assignments have Scope of work included identification, evaluation and
blanketed a broad range of industries including pulp and mitigation of groundwater contaminant sources.
paper, solvent processing and recycling, electric power Project Hydrogeologist for the subsurface evaluation
utilities, food processing, private and public solid waste and design of a major county zone of saturation landfill,operations, foundries, and agriculture. Experience in- ic i
cludes the hydrogeologic evaluation of a wide variety of uding expert testimony at regulatory licensing hear-
subsurface environments and groundwater contamina- ings.
tion concerns. Research experience has included the Designed a detailed test monitoring area within a large
evaluation of leachate characteristics from municipal fly ash disposal facility to evaluate leachate quality and
and industrial wastes as well as the development of quantity generated within and leaving the facility. The
methods for assessing leakage rates from industrial test program is designed to compare field results with
wastewater lagoons. predicted leachate quality and environmental impacts

from laboratory characterization of the ash.
Credentials Project Manager on a detailed subsurface investigation

B.A.. Geology and Geophysics-University of Wiscon- evaluating PCB contamination in soils and groundwater.

sin, Madison (1975) Project Hydrogeologist and Project Manager in-
vestigating the scope and magnitude of solvent con-

MS., Geology (Hydrogeology)- University of Wiscon- tamination in soils and groundwater at a solvent
sin. Madison (1977) reprocessing facility, including liaison with local and

M.S.. Water Resources Management -University of state governmental agencies, and public relations.
Wisconsin. Madison (1977)

Professional Profile~~~~10/83 .. . . . . . .
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Project Hydrogeologist and Project Manager in- Ham, R. K. and R. J. Karnauskas, "Leachate Production
vestigating contamination of a municipal water supply from Milled and Unprocessed Refuse", International
well derived from food processing and canning wastes. Solid Waste Association Information Bulletin, 1974.

Project Hydrogeologist for a regional groundwater Karnauskas, R. J., C. E. R. Lawson and M. E. Horn, "The
resource evaluation investigating agricultural water use Feasibility of Fly Ash Utilization for FGD Scrubber
and its effect on process water availability for a Wiscon- Sludge Stabilization, Columbia Generating Station, Por-
sin paper manufacturer. tage, Wisconsin". Proceedings of Second Annual Con-

ference of Applied Research and Practice on Municipal
Publications and Industrial Waste, 1979.

Karnauskas, Robert J. and M. P. Anderson, "Ground- Karnauskas, R. J. and P. J. Huettl, "Land Application of

water Lake Relationships and Groundwater Quality in Whey", Dairy Field, May and June, 1981.

the Sand Plain Province of Wisconsin-Nepco Lake",
Groundwater Journal, 1978.
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Walter M. Leis, P.G.

Registration Additional special course work in Geology and
Hydrology, Franklin and Marshall College and Penn-

Registered Professional Geologist in the States of sylvania State University
Georgia (No. 440) and Indiana. Remote Sensing Data Processing Training, Goddard

Fields of Competence Space Center (1978)

OWRR Research Fellow, 1973
Detection and abatement of groundwater contamina- National Water Well Association, Technical Division.
tion; design of artificial recharge wells; deep well
disposal: simulation of groundwater systems; hydro- Geological Society of America, Engineering Geological
geologic evaluation of hazardous waste sites and land- Division.
fills; practical applications of geophysical surveys to Society of Economic Paleontologists and Mineralogists
hydrologic systems, site investigations, and borehole
geophysical surveys. Geochemical studies of acid mine Employment History
drainage and hazardous wastes.

Experience Summary 1974-Present WESTON
1973-1974 University of Delaware

Sixteen years experience as field hydrogeologist, field Water Resources Center
supervisor, project director, research director. Six years 1971-1973 University of Delaware
research involving two consecutive projects: 1) applica-
tion of geophysical techniques in evaluating ground- 1967-1971 Pennsylvania Department of
water supplies in fractured rock terrain in Delaware and Environmental Resources
Pennsylvania; 2) project director for an artificial
recharge and deep well disposal study. Provided con- Key Projects
sultation for waste disposal and aquifer quality pro-
blems for coastal communities. Definition of groundwater contamination from sanitary

landfill leachate and recovery of contaminants to pro-Developed geochemical sampling techniques for deep tc evl sdaufri eaae
mine sampling. Evaluated synthetic and field hydrologic tect heavily used aquifer in Delaware.
data for deep formulational analysis in coal field pro- Field design studies for artificial recharge and waste
jects. disposal wells.
Earlier research experience involved developing tech- Design and construction of hydrologic isolation
niques for mapping subsurface regional structures hay- systems for various class hazardous wastes.
ing interstate hydrologic significance, and defining ore Design and supervision of chemical and physical
bodies by geochemical prospecting, rehabilitation of groundwater collection systems in frac-

Credentials tured rock and coastal plain areas.
Principal investigator for six projects involving subsur-

B.S., Biochemistry -Albright College (1966) face migration of PCB's in New York, New Jersey, Penn-

MS.. Hydrogeology-University of Delaware (1975) sylvania, and Oklahoma.

Design and construction supervision of hydrocarbonCooperative Program Environmental Engineering- recovery wells in Pennsylvania.

University of Pennsylvania

Professional Profile ' j
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Geochemical evaluation of coal mine pools in West Leis, W., R.D. Moose, and W.F. Beers, "Critical Area
Virginia. Maps, a Regional Assessment for Karst Topography",

Geochemistry of subsurface migration of toxic Association of Engineering Geologists 1978 Annual
substances. Meeting.

Principal investigator for eight projects involving migra- Leis, W., and W.F. Beers, "Soil Isotherm Studies to
tion of volatile chlorinated hydrocarbons in ground- Predict PCB Migration Within Groundwater", (Abstract)
water. ASTM 1979 Annual Meeting, Philadelphia, Pennsylvania.

Mineable reserve evaluations for coal, sand and gravel, Thomas, A., and W. Lein, "Physical & Chemical
limestone, clay deposits, mine reclamation, and Rehabilitation of Contaminant Recovery Wells",
monitoring. Association of Engineering Geologists 1978 Annual

Meeting.
Design geophysical and remote sensing assessments Leis, W., W.F. Beers, and F. Benenati, "Migration of
of hazardous waste disposal areas. PCB's from Landfills and Dredge Disposal Sites in the

Publications Upper Hudson River Valley", New York Academy of
Science Symposium on PCB's in the Hudson River.

Leis, W., and R.R. Jordan, 1974, "Geologic Control of Leis, W., "Subsurface Reclamation by Counter Pumping
Groundwater Movement in a Portion of the Delaware Systems: Geologic and Geotechnical Aspects of Land
Piedmont", OWRR-DEL 20. Reclamation", ASCE/AEG 1979 Symposium.
Leis, W., 1976, "Artificial Recharge for Coastal Sussex Leis, W., and A. Metry, "Field Characterization of
County, Delaware", University of Delaware Press, Water Leachate Quality", Water Pollution Control Federation
Resources Center. 1979 Annual Meeting.

Leis, W., D.R. Clark, and A. Thomas, 1976, "Control Pro- Leis, W., and A. Metry, "Multimedia Pathways of Con-
gram for Leachate Affecting a Multiple Aquifer System, taminant Migration", Water Pollution Control Federa-
Army Creek Landfill, New Castle County, Delaware", Na- tion 1980 Annual Meeting.
tional Conference on Management and Disposal of Leis, W., and K. Sheedy, "Geophysical Location of Aban-
Residue on Land. doned Waste Disposal Sites", 1980 National Con-
Leis, W., W.F. Beers, J.M. Davidson, and G.D. Knowles, ference on Management of Uncontrolled Hazardous
1978, "Migration of PCB's by Groundwater Transport- Waste Sites.
A Case Study of Twelve Landfills & Dredge Disposal Sheedy, K., and W. Leis, 1982, "Hydrogeological Assess-
Sites on the Upper Hudson Valley, New York", Pro- ment in Karst Environments (chapter)."
ceedings of the 1st Annual Conference of Applied
Research & Practice on Municipal and Industrial Waste.
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Richard C. Balmer

Fields of Competence Key Projects

Subsurface contamination investigations; well drilling, Supervised drilling and installation procedures, and
surveying and sampling: subsurface petroleum in- sampled and surveyed monitoring wells to detect
vestigations; geologic and contour mapping; landfill in- presence of volatile organics and chromium contamina-
vestigations; gas chromatography and chemical testing, tion in groundwater.
computer-generated contours and analysis; ground- Sampled monitoring wells for acid leachate.
penetrating radar (GPR) technician.

Conducted subsurface investigations of facility effluent
Experience Summary transport system using ground-penetrating radar.

Supervised drilling, decontamination and installation of
Two years experience as an oilfield stratigraphic forma- monitoring wells at a major chemical plant; performed
tion evaluation geologist; one year as a field geologist, repeated sampling of wells.
Supervised drilling and installation of monitoring wells.
Sampled and surveyed wells for detection of subsurface Prepared computer-generated contaminant plume con-
contamination. Conducted on-site evaluation of rock tours for use as evidence in a multimillion dollar lawsuit.
cuttings and subsurface investigations of presence of Assisted in preparation of computer-generated contour
petroleum. Prepared computer-generated contour plots, plots of water table elevation and contaminant plumes
isopath plots, and contamination plume contours. for major projects.

Supervised drilling and sampling of test-borings in
Credentials study of asbestiform-material landfills involving litiga-

tion. Calculated volume of material and generated
B.S., Geology-Dickinson College (1980) isopath maps using the computer.
Course work in oilfield practices and principles of sub- Monitored, interpreted and graphed hydrocarbon well
surface investigation. data in an on-site logging unit. Prepared and described
National Water Well Association several thousand drilled-rock sedimentary rock

samples. Conducted chemical analyses using gas
Employment History chromatograph, dual micro-gas analyzers and various

other pieces of equipment.
1983-Present WESTON On-site Manager for a project involving application of

1981-1983 Exploration Logging, Inc. organic by-products as fertilizer on farm fields in an
environmentally-acceptable manner. Calculated applica-

1980 Ad + Soil Systems tion rates, reported on operations and served as contact
person for farm personnel.

Professional Profile
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Richard C. Balmer

Fields of Competence Key Projects

Subsurface contamination investigations; well drilling, Supervised drilling and installation procedures, and
surveying and sampling; subsurface petroleum in- sampled and surveyed monitoring wells to detect
vestigations geologic and contour mapping; landfill in. presence of volatile organics and chromium contamina-
vestigations; gas chromatography and chemical testing, tion in groundwater.
computer-generated contours and analysis; ground- Sampled monitoring wells for acid leachate.
penetrating radar (GPR) technician.

Conducted subsurface investigations of facility effluent
Experience Summary transport system using ground-penetrating radar.

Supervised drilling, decontamination and installation of
Two years experience as an oilfield stratigraphic forma- monitoring wells at a major chemical plant; performed
tion evaluation geologist; one year as a field geologist, repeated sampling of wells.
Supervised drilling and installation of monitoring wells.
Sampled and surveyed wells for detection of subsurface Prepared computer-generated contaminant plume con-
contamination. Conducted on-site evaluation of rock tours for use as evidence in a multlmillion dollar lawsuit.
cuttings and subsurface investigations of presence of Assisted in preparation of computer-generated contour
petroleum. Prepared computer-generated contour plots, piots of water table elevation and contaminant plumes
isopath plots, and contamination plume contours. for major projects.

Supervised drilling and sampling of test-borings inCredentials study of asbestiform-material landfills involving litiga-

tion. Calculated volume of material and generatedB.S., Geology-Dickinson College (1980) isopath maps using the computer.

Course work in oilfield practices and principles of sub- Monitored, interpreted and graphed hydrocarbon well
surface investigation. data in an on-site logging unit. Prepared and described

National Water Well Association several thousand drilled-rock sedimentary rock
samples. Conducted chemical analyses using gas

Employment History chromatograph, dual micro-gas analyzers and various
other pieces of equipment.

1983-Present WESTON On-site Manager for a project involving application of
1981-1983 Exploration Logging, Inc. organic by-products as fertilizer on farm fields in an

environmentally-acceptable manner. Calculated applica-
1980 Ad + Soil Systems tion rates, reported on operations and served as contact

person for farm personnel.
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- - Mark A. Hutson

Fields of Competence Key Projects

Evaluation of geologic suitability and design of solid Project manager and geologist on extent of contamina-
and hazardous waste disposal facilities; detection and tion study of 3 disposal areas owned by a solvent
abatement of organic and inorganic groundwater con- recovery firm in northern Indiana.
tamination; practical application of geophysical survey Principal investigator and project manager of a
methods to hydrogeologic systems; evaluation of hydrogeologic evaluation and remedial action plan
remedial actions for groundwater contamination con- preparation for a chemical waste disposal site in
trol. eastern Michigan.

Experience Summary Principal investigator on extent of contamination study
involving a municipal waste disposal site in western

Three years experience in hazardous waste disposal and Michigan.
associated groundwater contamination problems. Ex- Project manager of a team assigned to evaluate
tent of contamination and remedial action assessments remedial action alternatives to a waste disposal facility
of waste disposal facilities. Hydrogeologic and soil con- in central Michigan.
tamination surveys of potential contaminant source
areas. Site suitability studies for future waste disposal Design of initial deep monitoring well system for use at
operations. Regulatory coordination between producers an industrial facility in southeast Minnesota.
and disposers of waste materials to ensure proper Field supervision of an investigation to determine
disposal. groundwater quality and delineate extent of soil and

groundwater contamination at an industrial facility in
Credentials southern Ohio.

B.S., Geology- Northern Illinois University (1978) Conducted geologic reviews to determine site suitabil-
ity for landfills, sewage sludge disposal, and industrialM.S., Geology- University of Illinois at Chicago (ex- waste disposal.

pected 1984) Coordinator for generator and disposer guidance under

Northern Illinois University-Part-time graduate studies RCRA and state waste disposal regulations.
in Business (1978-81)

National Water Well Association-Technical Division

American Water Resources Association

Employment History

1984-Present WESTON

1982-1983 University of Illinois at Chicago
Department of Geology

1980-1982 Ecology and Environment, Inc.

1978-1980 Illinois Environmental Protection
Agency

Professional Profile
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RELATIVE RESPONSE FACTORS FOR OVA
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CENTURY ORGANIC VAPOR ANALYZER

EXPLANATION OF TABLE: COLUMN PACKING MATERIAL

A blank in the table indicates that no data is available for B-3% Diisodecyl Phthalate on Anakrom A, AW, 60/S0
the analysis. mesh

E-20% Carbowax 400 on Anakrom C22A, AW. 60/60
COMPOUND NAMES: Wherever possible compounds mesh
are alsted under the chemical name used in the Merck G-10% OV-101 on Anakrom 0. 60/80 mesh
Index. T-10% 1, 2. 3-Tris (2-cyanoethoxy) Propane on

Anakrom C22A AW, 60/80 mesh
EXPOSURE LIMITS: Exposure limits are those set by PT-Porapak T, 60/S0 mesh
the Occupational Safety and Health Administration
(OSHA) and were taken from the Federal Register 40,
23072 May 28, 1975. These limits were current at the AMBIENT AIR ANALYSIS:
tame of printing the chart-August, 1961. Potentially toxic vapors and gases do not till an area
RELATIVE RESPONSE: CENTURY Organic Vapor An- uniformly. Consequently, the measurement and control
alyzers are factory calibrated to measure "total or- of these vapors can present a difficult problem for
ganic" vapors according to a standard (methane). safeguarding the health of personnel. Foxboro man-
Since different organic vapors interact with the flame ufactures a complete line of ambient air analyzers for
ionization detector (FID) to varying extents, it is vital on-the-spot testing as well as continuous area moni-
that the instrument user be aware of the magnitude of taring which have the sensitivity to detect and measure
the variation in order to obtain the most accurate data. over 300 vapors and gases declared hazardous by
Each user must determine relative responses for his OSHA. In addition, the analyzers are ideal for locating
individual instrument. the source of the problems, such as a chemical leak or

spill, and inadequate ventilation.
CHROMATOGRAPHIC RETENTION TIME: For chro-
matographic work, the OVA can be used with a variety Foxboro Ambient Air Analyzers are currently being
of column lengths and packing materials. For highest used for such applications as:
accuracy, teo/perature control for the column is man- e Toxic gas and vapor analysis to comply with OSHA
datory. This as accomplished using the Portable lso- regulations
thermal Pack (PIP) kit which is supplied with three 8 9 Leak detection in chemical processes
inch columns packed with S, G, and T materials re- • Analysis of anesthetic gases
specively. (See following chart for packing material * Measurement of vapor concentration in exposure
description.) Isothermal control is accomplished non- chambers
electrically using an ice/water mixture for 0"C and a a Analysis of vapor contaminants in "high purity" gases
seeded eutectic mixture for 401C. The data listed are * Analysis of Industrial plant emissions
for comparison purposes only since retention time for a 9 Detecting breakthrough of vapors from respiratory
compound can vary due to the condition of the column cartridges or industrial adsorption systems
packing material, packing procedure, and chemical * Identify gases to aid In determining causes of fire
interaction among the components of a vapor mixture. a Monitoring of hazardous waste and spill sites
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300 65 0 0"6 ":2 0:19
40 01 0:26 0:14

cio~as.O
t so5 100 0 1: 12:45

410 3:00 2:00 -

40 2:06:20 1:35

$ 40 3:06 10:00 11:20

________1000 15 0 01.10 0"11 0:12
(V=0i 12) 40 - - -

1IGS@M100 so 0 0117 0:3? 0:45
40 0,10 &1 0:16

I4.



MAW%

0.4mm Pa46ie
TimmekhiU"W~fs)

60 ach~r~ee o s 0 1:14 1:06 3:40
40 0:23 02 04

Was .201hlroth~w20 so 0 0:16 0:35 03
40 0:05 0:16 01 604Clorofuoafnfethane 1000 70 0 0r16 0.15 0:23

(FreaE 21) 40 - - -

vich~lorrnthaflb 50 100 0 0:27 0:29 1:06
40 0:10 0r10 0:22

1.2-0Ichloropropans 7s 90) 0 0:41 1:49 2:54
40 0:16 0:29 0:36

1.34Dihiopropeft - s0 0 1:32 4:12 4:24
40 0:26 0.47 1:20

i,240Ichlom 11.2.2wtrsfluom- 1000 110 0 0:12 0:12 0:14
S6~Sfl(Freon 114) 40 - - -

VAwiYl Char 40 so 0 0:20 0:26 0:19
40 0:05 0:05 0:05

0401,11 Kmatn - s0 0 2:00 2:01 3:16
40 0:29 0:30 0:49

pOoxans, 100 30 0 3:15 2:09 6:40
40 0:44 0:34 1:19

Ethan@ - s0 0 0:15 0:15 0:15
40 - - -

Efinstew - 30 0 0:16 0:24 ar.26
40 0,13 0:12 0:14

E~ul1000 25 0 0:59 0:31 0:26
40 0:26 0:22 0:43

Smyto Aetat 40M 65 0 0:48 1:00 2:20
40 0.20 0.20 0.31

Etu14AcrylaI. 25 40 0 1:40 2:10 4:06
40 0:30 0.30 0:50

Esuytflwu 100 100 0 6:10 9:31 7:44
40 1:15 1:35 1:35

ENVy mutyvhl. - 70 0 4.34 G.22 6.00
40 0:46 1:07 1.24

EW1fy Ponal 100 40 0 0:25 0'29 1:05
40 0:16 0:17 0:20

Evy mthmetaryits 70 0 4*13 6:13 6:20
40 0:47 1:01 1:01

E"uy Pvopso.mw - 6 0 1:40 2:46 4:10
40 0:25 0:.35 0:50

Etuytsn.0bonift 20 50 0 5:20 4:51 15:00
40 1:00 0:55 2:43

E" tOhiorift s0 60 0 1:07 1:06 3:45
40 0:20 0:21 0:10

Eftogtne Oxia. so 70 0 0:10 0.13 0:20
40 - - -

Mhooanchoomgehan. 1000 10 0 0:15 0:16 0:17
(Ffwn 11) 40 - - -

smuI10 75 0 0:50 2:20 0:27
40 0:20 0.30 0:16

sm4,1 0 70 0 0-23 0:50 0:20
40 0:13 0.20 0:13

twue- 50 0 0:10 0:23 0:20
40 0:05 0:05 0:05~ua.- 100 0 0:06 0:05 0:05
40 - - -

MWVO Alco 200 12 0 0:37 0:21 2:23
40 j0:22 0:14 0:45

lisiy DAjWM. 200 41 0L0:30 0:30 1:30
C 4 0:17 0.15 0:24

Me" lAerpee 10 40 a 040 0'.U 2:30
Me"ty Cwmweewn IN 100 0 0:64 2:37 0:25

40 0:16 0:33 0:17
MWO lCIO-U"gl Ito 0 0:22 VW2 0:17

40 0.06 0-19 0:06



01 Tllw In MLkwtM

20000 0.50 330
Me Ketone 200020 043
ilp e tt e 100 60 0 4:20 3:15 7:30

40 0:42 0:40 1:25
bMwyMe mcryate 10 50 0 1:41 2:22 4:08

40 0:27 0:31 0:55
MSevy1Pvegy1Kene 200 TO 0 2:20 2:05 6:14

40 0:33 0:32 0:52
ttrmetne 100 35 0 0:51 0:40 3:00

40 0:25 0:19 1:31
1-stoWra ne 25 60 0 4:50 2:50 25:00

40 0:46 0:41 4:05
2-16troormoon 25 70 0 2:53 1:51 10:00

40 0:35 0:31 1:52
#4anhn - 90 0 7:26 6:00 2:32

40 1:05 2:40 0:42
Ocaft 500 so 0 2:47 7:39 1:07

40 0:39 1:06 0:27
Panra e 1000 65 0 0:16 0:25 0:14

40 0:12 0:12 0:12

Pfn l - 40 0 12:00 6:00 20:00
40 2:44 1:17 3:36

Proene 1000 No 0 0:05 0:11 0:05
40 - - -

nPoepenol 200 40 0 2:50 :00 6:30
40 0.35 0.30 1:05

2-Prop1nal 400 65 0 113 0:30 3:43
40 0:25 0:20 0:36

.W- r or Acetate 200 75 0 2:4 2:2 5:52
40 0:30 0:38 0:51

n-44Wl Ether - S 0 1:37 2:06 1:15
40 0:43 029 0:1

n?-Popyl Formalt 0 50 0 0:4 1:07 2:10
40 0:17 0:8 0:27

"n5o 12B 0 6:00 4:15 -
40 - 1:26 -

SIIRn- 100 65 0 20:00 25:00 26:00
40 2:06 2:26 2:39

1,1.1.2-Telrachiorowhane - 100 0 6:25 7:48 10:00
40 1:16 1:27 1:37

I 1.2.2-Tetrachrlofothstn 5 100 0 3200 1400 50:00
40 409 237 7:51

Temnc oroetyiene 1O0 70 0 3:00 5:45 2:10
40 0.41 1:06 0:33

T0hydrotUtrln 200 40 0 1.05 1:05 1745
40 0.23 0:23 0:30

TfNom2 1000 10 0 2:30 4:05 4:30
40 0:38 0:47 0:53

1,1.1 Thchlor0eltaan 350 105 0 0:31 1:10 0:47
40 015 0:23 0:20

1.1.2 Tneroethans 10 as 0 5:13 3:43 16:00
40 040 0:45 2:30

Tnoworoeytnyene 100 70 0 117 2:02 1:25
40 0:23 0:26 0:28

Inctoo yifluoroethanb 1000 s0 0 0:15 0:30 0:15
113) 40 0:13 01 0:13

We aml 25 70 0 - 2:49 -
40 - - :4

VkIwl Acaftle - 50 0 0:34 0:43 1:55
*40 0:16 0:1 0.30

*Iya 0 eCmond. - 40 a 0:20 0.25 0:22
40 0.13 014 0:14

wXylef 100 111 0 2:36 12:03 6:31
40 0.39 1:3 1:17

40xywA 100 111 0 3:23 15:07 6:40
40 0.48 1:66 1:45

ii100 111 2:46 12:25 8:23
40 036 1:al 1:10



APPENDIX E

Relative Response Factors for HNu



H-Nu PHOTOIONIZATION DETECTOR

RELATIVE SENSITIVITIES FOR VARIOUS CASES

(10.2 eV Lamp)

Photoionizacion
Soecies Sensitivity*

p-xvlene 11.4

m-xylene 11.2

benzene 10.0 (reference standard)

toluene 10.0

diethyl su l fide 10.0

diethyl amine 9.9

styrene 9.7

trichloroethylene 8.9

carbon disulfide 7.1

isobutylene 7.0

acetone 6.3

tetrahydrofuran 6.0

methyl ethyl ketone 5.7

methyl isobutyl ketone 5.7

cyclohexanone 5.1

naptha (86% aromatics) 5.0

vinyl chloride 5.0

me'hyl isocyanate 4.5

iodine 4.5

methyl mercaptan 4.3

dimethyl sulfide 4.3

allyl alcohol 4.2

*Expressed in ppm (V/V)

g/- - - .1



H-Nu PHOTOIONIZATION DETECTOR

RELATIVE SENSITIVITIES FOR VARIOUS CASES

(10.2 eV Lamp)

Photoionization
Species Sensitivity*

propylene 4.0

mineral spirits 4.0

2,3-dichIc-,,propene 4.0

cyclohexene 3.4

crotonaldehyde 3.1

acrolein 3.1

pyridine 3.0

hydrogen sulfide 2.8

ethylene dibromide 2.7

n-octane 2.5

acetaldehyde oxime 2.3

hexane 2.2

phosphine 2.0

heptane 1.7

allyl chloride (3-chloropropene) 1.5

ethylene oxide 1.0

acetic anhydride 1.0

d-pinene 0.7

dibromochloropropane 0.7

epichlorohydrin 0.7

nitric oxide 0.6

-pinene 0.5

*Expressed in ppw. (V/V)

• * t '

.. . -- a = . "I.-



H-Nu PHOTOZONIZATION DlETECTOR
RELATIVE SENSITIVITIES FOR VARIOUS CASES

(10.2 eV Lamp)

Photo ion iz a ion
Species Sensitivity*

citral 0.5

acetic acid 0.1

nitrogen dioxide 0.02

methane 0.0

acetylene 0.0

ethylene 0.0

*Expressed in ppm (V/V)



APPENDIX F

Boring Lags and Well Completion Summaries



SKEICH MAP

DRILLING LOG

WELL NUMBER B-I OWNER.t U.S.A.F.
LOCAToN_ east of Pump House ADDRESS orbes -Field
R (Rldag 678) Tr6k..la, ]KS

TOTL TO 20.2'
SURFACE ELEVATION WATER LEVEL, 1.,5

DRILLING DRILLING H011C_ DATE 12/28/84_
COMPANY Terracon METHOD: OTESRF
DRILLER, R. Kelly HELPER: - - (i t r- imlit C re

LOG BY: M. Hutsn IRCZ

4 E SCRIPTION /SOIL CLASSIFICATION

Sc* 0-3 0-2': Black to reddish brown mottled CLAY with some silt and

trace pebbles; organic rich, firm, medium plasticity, dry

12 3- to moist. (CL)

2 - 9': GrayLsh brown fine SAND with trace silt, dry;

OVA - Oppm. (SM)

3 CC )_-l 9-10.5': Reddish brown to black mottled CLAY with some sand
and silt; firm to hard; OVA-Oppm. (CL)

)

10.5-13.5:' Black to dark gray to greenish gray CLAY with trace

silt; hard trace orange mottling, moist; OVA- 0 ppm. ( )

4 CC )3_1

13.5-16-' Reddish brown to dark brown CLAY with some silt;

stiff, plastic, moist. (CL)

1i-20.2': Gray to Reddish brown mottled CLAY with some silt;

5 CC , stiff, plastic, wet. OVA-3 ppm; HNu- Oppn. (CL)

Refusal at 20.2 Water at 15' in open hole.

V/20. R ole was backfilled at completion of logging.

'Alv~m.,..v--.--
• ,. On

pop'



SKETCH MAP

DRILLING LOG

WELL NUMBER B-2 OWNER U.S.A.F.

LOCATIONNE corner of ADDRESS Forbes Field
pump house G (Bg-g 674) T ekKS

__________________TOTAL DEPTH___________

SURFACE ELEVATION: WATER LEVEL!

DRILLING DRILLING H01W DATE 14.13/84 _______________
COMPANY T? racm METHOD-Agr PILD
DRILLER R. Kelly HELPER. L) Faie NOTES: iningnrr

LOG BY _M. Hutsorl RCB

1 cc* 0-3 0-11': Dark brown to reddish brown CLAY with some silt and sand,

and trace pebbles; some layers more sandy and reddish

colored; hard, plastic, moist; OVA 0 ppm (CL)

2 CC

3 CC $-Q3

11-15':Dark gray CLAY, organic-rich, stiff, plantic, moist.

Refusal at 16.4'

Hole was backfilled at completion of logging.

I"M &ET .. LOFL



SKETCH MAP

DRILLING LOG

WELL NUMBER B-3 OWNER. U.S.A.F.

LOCATION, West of pump ADDRESS ForbeS Field
house F. (BLdg 671) opea,

TOTAL DEPTH 8'

SURFACE ELEVATION. WATER LEVEL: 3'

DRILLING DRILLING Hollow DATE
COMPANY Trracn METOD- 12 / ,4

DRILLER -R. Kelly HELPER. _. _____ NOTESC

LOG BY. M. Huatsm/RCB

DESCRIPTION /SOIL CLASSIFICATION

-(COLOR. TEXTURE, STRUCTURES)

1 cc* i-3 0-2' Reddish brown and dark brown mottled CLAY with some

silt and sand; firm, moist. (CL)

2 cc 3-8 2-5' Light brown SAND with little tilt, wet at 3' (SM)

5-8' Light gray SAND with little silt, wet (SM)

8 J

Hole was backfilled at completion of logging.

-

_4%

1? :, -]=



\AA.)LN jfJ SKETCH MAP

DRILLING LOG

WELL NUMBER B-4 OWNER; UbS. .F.
LOCATION Hydrant C and stor ADDRESS Fobes Field
sewer on row 8 and AkaD DRS

TOTAL DEPTH

SURFACE ELEVATION WATER LEVEL*

DRILLING DRILLING HollOw DATE 12/ 11/84
COMPANY. 7 erracOr METHOD AuDer LE //8
DRILLER -. Kelly HELPER: . -r NOTES

LOG BY. M. HUts0n /RCB

.n DESCRIPTION I SOIL CLASSIFICATION

(COLOR. TEXTURE, STRUCTURES)

1 CC* 0-3 O-L7':Concrete - water running into hole at base of concrete

2 C(, 1.7'-2.7': Gray silty sand, slightly cohesive, wet;

OVA- 50 ppm; HNu-0. (SM)

2.7-6.7:' Dark gray, organic rich silt and sand; cohesive,

firm, wet: OVA=55 ppm; HNu- 0 ppm

(SM-ML)

Boring terminated 6.7' below the surface Hole was backfilled

at completion of logging.

10

. D

ABU i"Al.'r~u a~m HI~l]HI ,*,.e,, I .,., .
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SEItCH MAP

DRILLING LOG
DALIGLGB-5 

U.S.A.F.
WELL NUMBER OWNER._U

LOCATIONNorthwest of ADDRESS Pbrbes Field
hydrent B on line 7 TveRa, KS

TOTAL DEPTH S _ __

SURFACE ELEVATION WATER LEVEL:

DRILLING DRILLING H0k1)W DAT // __TE.__
COMPANY Terracan -METMO:Auger h.12/fO/8 4

DRILLER R. _ _e_ _ _Y HELPER: _.____________

* rmti niiniS Core
LOG BY. M. Hutsr

DESCRIPTION ISOk CLASSIFICATION
(COLOR. TEXTURE. STRUCTURES)

0-1.71 .3' Asphalt. then concrete7

1 cc* - .

1.7-13' Dark gray to greenish gray CLAY with silt and abundant

organic material; hard, very plastic, dry. OVA-55ppm. HNu=O. (CL)

2 CC 11,7

13-16' Reddish brown to dark gray mottled CLAY with some silt,

5 CC little organic matter; firm, medium, plasticity, moist. OVA-1.5 p)m.

HNu-O (CL)

5

16-18.8' Reddish brown mottled weathered LIMESTONE

3.8. .

Refus 1 at 18.8. Hole was backfilled at completion of logging.

~- - - -

s,. Sm _ , Dim

.. . t ,
I.



SKETCH MAP

DRILLING LOG

WELL NUMBER B-6 OWNER. U.S.A.F.

LOCATION between rows 4 ADDRESS Forbes Field
and 5 Topeka, KS

TOTAL DEPTH 13.1

SURFACE ELEVATION WATER LEVEL-

DRILLING DRILLING Hollow DATE 12/14/84
COMPANY Terraccz METHOD Auer .DnLLED
DRILLER R. Kelly HELPER. D. Ritter - NOTES________ _Core

LOG BY. . Hutsn

(COLOR. TEXTURE. STRUCTURES)

0-1.7' .2' Asphalt, then concrete

1 Cc* 6.7

1.7-6.7:' Dark gray to black organic CLAY, firm to hard, plastic

dry. (CL)

6.7-11.7:' Light gray to reddish brown mottled CLAY with some

silt and abundant organic matter, firm, medium plastic, dry:

OVA-100 ppm. HNu= 0 ppm. (CL)

2 C if,-

0

11.7-13.1': Reddish brown mottled CLAY with silt and abundant

organic matter; OVA- 50 ppm. HNu=Oppm. (CL)

33 C

Refusal at 13.1' - fosslliferous limestone.

Hole was backfilled at completion of logging.

3.3'

pop-:



DRILLING LOG

WELL NLIMSLR B-7____ OWNER U.S.A.F.

tOCAVO Between rows 2 ADDRESS Fwrieq Field8
andy3 a Fl ake r spot 1qg& n -

____________________ ITAL DEpTg4 13.2'

SUR~FACE ELI VATION - WVAlER LEVEL-

DRiLL*J DRILLING DATE 12/ATE
COMPANY TerracUm ME704OAgr O 01/98

IDRILLER ____________ HELPER 0-____t______________n( pr

LOG B.~ Wi. tscin

S-1 C 0 1.7 -3.2' No Recovery

3.2 - 5.5 Bluish gray, mo~ttled, silty Clay;

hard, low plasticity, dry, organic rich: (CL)

5.5 - 8.2 Light brown to blue gray, mottled, silty

clay; hard, low plasticity, dry, organic rich: (CL)

OVA-2Oppm HNu=Oppm

S-3 CC -11.X 8.2 -13.2 Light brown to blue gray, m ttled, silty clay;

ha d, low plasticity; dry, organic rich:(CL)

OVA-2Oppm HI'u.13 ppm

Boin triae at 13.2'

7'.1



-SKETCH MAP

DRILLING LOG

WELL NUMBER B-B OWNER. U.S.A.F.

LOCATION Northeast corner OfADDRESS Forbes Field
tank farm next to drainage Tooeka, KS

ditch TOTAL DEPTH

SURFACE ELEVATION WATER LEVEL

DRILLING DRILLING Hollw DATE
COMPANY 7N-rraCo METHOD AOErS

DRILLER R. Kelly HELPER D. *ite "  
NOTES r intjn4 -niiOx Core

LOG BY M. Hutson

DESCRIPTION I SOIL CLASSIFICATION

(COLOR, TEXTURE. STRUCTURES)

1 CC* 0"3' Topsoil, (12" recovery)

2 CC 3-8'

3-5' Light gray to orangish brown, mottled,.

silty clay; firm, moist, medium plasticity (CL)

5-8' dark brown to orangish brown, very

silty clay w/some sand, firm, moist, low

plasticity. (CL). HNu= 0 ppm OVA-O ppm

3 CC 8-11' Light brown to gray, mottled, silty clay with

some weathered shale fragments; firm, moist,

cohesive, (CL) OVA- Oppm HNu-Oppm

Boring terminated at 11' below surface

Hole was backfilled at the completion of logging.

A£6T W D ?Hr _ OF I--
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SKETCH MAP

DRILLING LOG

WELL NUMBER B-9 OWNER. U.S.A.F.

LOCATION Along storm drain ADDRESS Forbes Field
-r thp west end of Row 3 Topeka, KS I

S7OTAL DEPTH 1 7
SURFACE ELEVATION WATER LEVEL-

DRILLING DRILLING H011M DATE 11/29/84-
COMPANY Terracon METHOD Auqer OTEI "
DRILLER -__R.Kel__y _ HELPER. ____NOTES_______ _Core

LOG BY M. Hutson

0't DESCRIPTION / SOIL CLASSIFICATION

I cc* 0-3'

0-1.4' Topsoil

1.4-3' Light Brown,lmottled silty Clay;

firm, moist, low plasticity (CL)

2CC 3-8'

3-12.7' Brown. mottled clay w/ abundant organic

matter; hard, moist, plastic-wet below 10', (CL)

3 CC 8-12.7'

- Auger refusal ar 12 7'

Boring was backfilled at completion of logging.

as~m. I~s S.EET.L or

-7-



SKETCH MAP

DRILLING LOG

WELL NUMBER A- In OWNER. U.S.A.F.

LOCATION R ADDRESS Forbes Field
15 feetwest oa ie T eka, KS

-speot TOTAL. DEPTH 4-
SURFACE ELEVATION WATER LEVEL-

DRILLING DRILLING HOllOW DATE L2/29/8M
COMPANY __eracn METHOD Auqer DRiff NEL

DRILLER R. Kelly HELPER. Dr

LOG BY M. Hutson

t j DE SCRIPT ION I/SOIL CLASSIFIC AT ION

(COLOR, TEXTURE, STRUCTURES)
0

0-1' Concrete - water at base of concrete

I CC* 1-4'

1- 3.6' Gray silty Sand and Gravel

soft, wet. (SM-GP) OVA=10 ppm, HNu=4ppm

3.6-4' Blue Pra," silty Clayj soft, moist, plastic (CL)

Boring terminated 4' below the surface.

Hole wsbackfilled at completion of logging.

II
• A$u mu 8/'~l' O0%



vu SKETCH MAP

DRILLING LOG

WELL NUMBER. S- OWNER:, U.S. A. F.
LOCATION AdJaCent to WM-1 ADDRESS. Topeka, Ks

_____________________TOTAL DEPTH__________

SURFACE ELEVATION. WATER LEVEL:

DRILLING Terraccn DRILLING Hollow DATE
COMPANY _________METHODSI- StzAeDRILLED 12/28/84NOE
DRILLER R. Kelly HELPER. D. RitterNOS

LOG BY: M. RutsonCotnusor

(COLOR, TEXTURE. STRUCTURES)

0-2' Dark crav orcianic rich. topsoil
2-3.5' Brown silty sand, rrediinn grained , dry (4

3.5-7' Dark gray, silty clay; hard, mpist, organic rich

5- 7-8' Dark gray to brawn, mo~ttled,. silty clay w/abtzndant
sand; firm, wet, low plasticity, (CL-Si), OVA=-3 ppxn

- - Mu=0 iqn

3 OC 8-10' Dark gray to brown, silty clay; hard, nuist, me~dium
plasticity, (CL) OVA=0 r.'px, HNu=0 ppnm

Boring term~inated 10' below the mirface

_4bET oP--- L
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Well Sw-1

Well Construction Summary
Location or crds: Adjacent to DW-5 Elevaton: Ground Level

Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 10' Star Finish

Borehole Diameter 6" Task Date Time Date Time
Drilling.

Driller Terracon Consultants 6" hole 12/21 0740 12/28 0805

Rig CME 55 Geophys. Logging: - -

Bit(s) 6" dia. auger Casini12

Drilling Fluid _ __

Surface Casing Filter Placement. 1L28 815... 127L2 n
Well Design: Cementing - -

Development. - - -
Q C Basis: Geologic Log - Geophysical Log-. Other

Casing String(s): C=Casing S = Screen0- s - _
5 10 S

Well Development:

-- Well developed by bailing

Casing Ci 2" dia. sch. 40 PVC

C2

Screen: S

Comments:
WA S2

Centralizers Bentonite pellets

Filter Material Graded sand

Cement

Other

" a 'I( .t'4 ,

/ , ,, .... - - .,, : . . . . .

-~~~~~~~~ 
V 

.. = -_ 
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6 I I CH MAPi

DRILLING LOG

WELL NUMBER SW-2 OWNER U.S.A.F.

LOCATION Along fuel line ADORESS F r ks Field
&t end of Row 8 . ! q

TOTAL DEPTH 8.5'

SURFACE ELEVATION WATER LEVEL'

DRILLING DRILLING Hollow DATE
COMPANY. T,,rraCM METHOD Auqer DRILED L..,[,h OT ,S

DRILLEA R. Kelly HELPER: t  f NOTES I). io'tn lt G = -

LOG BY M. Hutso

DESCRIPTION ISOIL CLASSIFICATION

(COLOR, TEXTURE. STRUCTURES)

I CC - 0-3.5' 0-l' Black to dark gray Topsoil

1-7' Orangish brown to light gray mottled

clay fill w/ some sand, gravel, and organic

materials firr.moist, medium plasticity wet

2 CC .5-6 at 5; OVA= 0 ppm, HNu= 0 ppm

3 CC 5-8.5' 7 _8. 5 ,Dark gray, silty clay; hard, wet, plastic

- (CL), OVA-f 0 ppm,'HNu- 0 ppm.

Boring terminated 8.5' below surface

as•lus, 'm SHEE 1_ o..-1__



q-2

Well

Well Construction Summary
Location or Cords: Along fuel line Elevaton: Ground Level_
at end of Row 8 Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 8' Start Finish

Borehole Diameter 6" dianter Task Date Time Date Time
Drilling

Driller Terracon Consultants 6" hole 12/28 0850 12/28 0930

Rig CME 55 Geophys Logging: . . .

Bit(s) 6" dia. Casing,, PVC 12/28093012/280940

Drilling Fluid

Surface Casing Filter Placement 12/28 0940 12/28 0950
Well Design: Cementing - -Development - -

Basis: Geologic Log - Geophysical Log- Other
Casing String(s): C=Casing S= Screen

0 - 3 C
3 8 s

-- - - Well Development:
S- - Well developed by bailing

Casing. Ci 2' dia. , sc. 40, PVC

C.C2

Screen: Si

"_ __Comments:£ s2

Centralizers Bentonite Pellets

Filter Material Graded Sand

Cement

Other__________ _________ __

oLY

A e m



- ISKETCH MAP

DRILLING LOG

WELL NUMBER sW-3 OWNER._U.S.A.F.
LOCATION west end of ADDRESS Forbes Field
lateral 7 beka, IS

_tOTAL DEPT 10.3

SURFACE ELEVATION WATER LEVEL7

DRILLING DRILLING Ho w DATE
COMPANY Tlerracon -METHOD Auqer KAL D 12/28/84

DRILLER R. Kelly HELPER. K0t - NOTES

LOG BY H. Hutscxn

/ IDE SCRI1PT ION ISO IL CLASS IFICAT ION

(COLOR, TEXTURE. STRUCTURES)

I j~ 0-3' 0-11 Tonngr il

1-2' Brown to light gray, mottled sandy

Clay fill; firm, moist, plastic, organic rich(C

2 CC -8 2-3' Blacsandy Clay ; hard, moist, plastic

organic rich, OVA-10 ppm, Hl~u- 0 ppm.

3-5' Light gray to brown, mottled, sandy

Clay' fill; firm, moist medium plasticity (CL)

OVA- 0 ppm HNu- 0 ppm

5-6.5' Dark gray to brown, mottled, silty

Clay ; soft, moist, low plasticity (CL)

3 CC 8-13' OVA- 0 ppm HNu- 0 ppm.

6.5-13' Black, silty Clay., hard.

dry, low plasticlty, organic rich (OL)
OVA- 0 ppm, HNu- 0 ppm

4 CC 13-16.5' 13-16.5' Blue gray to light brown, mottled

silty Clay, hard, wet, low plasticity; (CL)

OVA- 0 ppm, HINu- 0 ppm, Boring terminated at

16.5'

i~~m OF'~ Oll fillo _L.
" ,Q •" ,I,

. .. ...... .. .. .' ......... ++-- + :.. I + --+ .... " - + + "



Well SW-3

Well Construction Summary
Location or Coords: Elevaton: Ground Level

Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 16.0 ' Start Finish
Borehole Diameter 6" Task Date Time Date Tame

Drilling4
Driller Terracon Consultants 6" hole 12/2810 12/28 11:1

Rig CME-55 Geophys.Logging: - . . .

Bit(s) _6"ght .L utger Casing: 25

Drilling Fluid . . . .

Surface Casing Filter Placement. 2/28k____ 2 /2811

Well Design: Cemen tng.. . . .
"iDevelopment: -/7 ' /

Basis Geologic Log . Geophysical Log_ Other

Casing String(s): C = Casing S = Screen0 11 C
. ._11 16 S _ " ..

- - Well Development:

_-well developed by bailing

Casing ci 2" dia.-ch 40. PVC

C2

Screen: S, 5 ' sch 40, PVC

S2 Comments:

Centralizers

Filter Material grzilt i sand

cement_______ __ _ _ _ _ _ _ _

Other___,_,

-- • -.

, , ,t q.

7= ,77



SKETCH MAP

DRILLING LOG

WELL NUMBER.W-4 OWNER: U. S.A. F.

LOCATION between latera]lSADDRESS Forbes Field
7 anA g. 15' west of Tyreka. KS
Able row TOTAL DEPTH 11'

SURFACE ELEVATION - WATER LEVEL:

DRILLING DRILLINGH n 12/28/ 
COMPANY: TMETHOD: ,, g'RILED- NOTES

DRILLER- F.-Nl1 HELPER:D. D.Jttorniu,

LOG BY: MAH

DESCRIPTION/ SOIL CLASSIFICATION

(COLOR. TEXTURE, STRUCTURES)

n - -11 Asphalt

-A - 1-_7 roncrete

1 CC* 1.7 - 3.2' 1.7 - 4' Blue-gray, Clay; soft,

moist, plastic: (CL) OVA=30ppm,HNu=0ppm.

2 cc 3.2 - 8.2 4-6' Gray to orangish brown mottled,

sandy Clay; firm, moist, plastic, (CL)

OVA = 0ppm, HNu= 0 ppm

6 - 9' Dark gray, clay,- hard,

3 cc 8.2 - 11' moist, low plasticity, (CL)OVA=I00ppm,HNu,

_ _ =Oppm.

9 - 11' Blue Gray, organic rich Clay ;

10 firm. moist, medium plastic (CL)

OVA=Oppm, HNu = Oppm.

Boring terminated 11 feet below the surface

HIIEF" --. OF-

. . . . . - , . ... . .. .. .



Well SW-A

Well Construction Summary
Locaton or Coords: Elevaton: Ground Level

_ __ _Top of Casing

Drilling Summary: Construction Time Log:

Total Depth I1 1 6 Task Stan Finish

Borehole Diameter Date Time Date Time
__________________________ Drilling2 50

DrillerTerracon Consultants %"hole 12/28 1320 12/28 13

Rig CMF-SS Geophys. Logging: - -

Bit(s)- 6" ager Casing 50 00
2"pvc 12/28 13 12/28 14

Drilling Fluid

Surface Casing Filter Placement. 12/28 14:00 12/28 14:15

Well Design: Cementing .- -
Development: . .. . .

g Basis: Geologic Log x Geophysical Log- Other

Casi. g String(s). C=Casing S=Screen -0.-- - 6 _ --C 1
6 _11 5 --

- -_- - Well Development:

- -- - - well developed by bailing

- 7"-d/i-". sch, 4 -P'
Ca'n"g r i

'-40 C2

Screen Si

S2 Comments:

Centralizers Bentonite Pellets

Filter Malerial graded sand
cement

'- -Other



SKETCH MAP

DRILLING LOG

WELL NUMBER q1._- OWNER. U.S.A.F.

LCCATON at Intersetlinof ADDRESS Forbes Field
storm sewer an, _ TUeJa, KS
eas of pump house TOTALDEPTH 7.7'

SURFACE ELEVATION WATER LEVEL-
DRILLING DRILLING Hollow DAfTI 12/28/84COMPANY Terrac METHOD. Auger

DRILLER R. Kelly HELPER: L. Kit NOTES
* C'r n-intir _ Con

LOG BY- M. Hut as cn 

-

00
, DESCRIPTION /SOIL CLASSIFICATION

1 ;C* 0-3' 0-2' Black to orangish brown mottled silty clay. fil l dry-

soft, fill. (CL)

2-2.5' Brown, Sand & dry, non-cohesive, medium grained, fill;

(SP) OVA-Oppm HNu=Oppm.

2 cc 3-7.5' 2.5 - 7.5' Blue gray to black, mottled,

sandy clay, fill, soft, moist, plastics

OVA=500ppm, HNu=400ppm.

Boring terminated 7.5 feet below the surface

-

- [ 'A



Well SW-5

Well Construction Summary
Location or Coords: Elevation Ground Level

Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 7.7' Start Finish

Borehole Diameter 6" Task Date Time Date Time
Drilling

Driller Terracing Consultants k" hnlp 12.J_2 S0 302 1 00

Rig CME 55 Geophys Logging . . . .
Bit(s) 6" Auger Casing 40

2"PVC 12/28 153 0  12/28 15

D rillin g F lu id ...._

Surface Casing Filter Placement. 2 - 2

Well Design: Cementing . . . .

Development - -
SBasis: Geologic Log x Geophysical Log- Other

.. Casing String(s). C - Casing S Screen _ ___
a_0 -2.7 

__
2.7 -7.7 S - ____1

__ - - Well Development:
- - well developed by bailing

Casing Ci 2", Sch. 40, PVC._

C2

Screen. SI 2". rh- 40- PVC

Comments:S2

Centralizers BentLite oellets

Filter Material Graded Rand

(. Cement

Other

, a ll%

" mLT .. . t. , .

.. . . -- i w ,I.-



"sm S.bKE ICH MAP

DRILLING LOG

WELL NUMBER SW-6 OWNER. U.S.A.F.
LOCATION Along storm drain, ADDRESS Fories Field
eaist of building G77 -rooeka, IM

__________________TOTAL'DEPTH_11.91

SURFACE ELE VATION WATER LEVEL,

DRILLING ~rr DRILLING H10 DATE 12/28/84
RILLINy * rc METHOD NOTESLD

DRILLER R.Kel HELPER U.Kte OE rtniuqrr

LOG BY M. Mutsim

1 CC _ 0-3' 0-2 Black, organic rich topsoil

2-4.5' Dark brown, organic rich, silty clay; mottled, soft,

moist, plastic, (CL) OVA=Oppm,

0

low plasticity, (CL) OVA'Oppm, HNu=Oppm

Boring terminated 11.9' below the surface

**we



SW-6well. S1-

Well Construction Summary
Location or Coords. Elevation Ground Level

Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 11.9 Start Finish

Borehole Diameter Date Time Date Time
Drilling 00 1 5

Driller TerracoA Consultants 6"hole 12/28 16 12/28 16

Rig CME-55 Geophys. Logging .- .

Bit(s) 6"Ager Casing. 15 202" PVC 12/28 16 12/28 16

Drilling Fluid ... . . .

Surface Casing Filter Placement 12/24 1 2/28 T6

Well Design: Cementing. - - -
Development . - -

Basis Geologic Log x Geophysical Log- Other
Casing Srng,(s) =Casing S=Screen . . . .

7.9- 11.9 S

- - - -_Well Development:

wPll dgveloped by ba 1ins

Casing CI

C2

a Screen S 2"dia, sch. 40 PVC

Comments:

Centralizers bentonite pellets

Filter Material graded sand

Cement _..

Other

)L

II

" --- -" --- = .- " ' 1



somm-weSKETCH MAP

DRILLING LOG

WELL NUMBER DIJ-1 OWNER U.S.A.F.

LOCATION North of Cvi ADDRESS Forbes Field
Engineering Building on TopekJa, KS
grass TOTAL DEPTH 55'

SURFACE ELEVATION -_____ WATER LEVEL-

DRILLING Tercn DRILLING Rotary DATE 12/17/84
COMPANY Tercn METHOD DRULLED____
DRILLER W~. Kelly - ELE.-D.Rtter - NOTES

S M. IHUtSM / RCB Logged by drilling rate
LOG Y -and cutt igs

Dark brown, silty clay, Stiff Moist

16.1'

Limestone 18.0'

Shale

24.5'

Shale

I *L

&$I w i SHET O



SKETCH WAP

DRILLING LOG

WELL NUMBER DW-1 (cont.) U.S.A.F.
WELLNUMER ___________OWNER.__________

LOCATION ADDRESS Forbes Field
______ ____ bpka,_KS

TOTAL DEPTH
SURFACE ELEVATION WATER LEVEL-

DRILLING DRILLING DATE 12/
COMPANY Terracon METHOD Potar. DRIED 1 '

D R IL L E R R . K e _ _y H E L P E R . _ . _ _tt e_ N O T E S

LOG BY M. Hutson

.70

0-LL

ASI- DM SHEET./ OF/_2_



Well DW-1

Well Construction Summary
Location or Coords: North of Civil Elevaton: Ground Level
Engineering Building on grass Topof Casing

Drilling Summary: Construction Time Log:

Total Depth 55 Start Finish

Borehole Dimeter 8" to 21.1' Task Date Time Date Time
3 .5" to 55 ' D rilling 15 30

Driller Terracon 8"hole 12/14 1 5  12/14 1730
3.5"hole 12/27 11:15 12/27 12:23

Rig CHE - 55 Geophys.Logging: - .

Bit(s) 8"roller bit Casing
3.5" roller bit 4..' PVC LZ1.5 94 12/15 10.:0

Drilling Fluid clean water

Surface Casing Filter Placement: - - -
Well Design: Cementing: 12/15 11:00 12/15 11:15

l DDevelopment. - - -

Basis Geologic Log - Geophysical Log- Other.
Casing Sirin?(s): C=Casing S= Screen0 -21.1 _ C

21J- 5- Q_ _ _

_ _ - Well Development:
_ - _ Developed by blowing with compressed

air

Casing. C1 4"diameter, sch, 80 PVC

C2

M Screen: Si

52 Comments:

Centralizers

Filter Material

Cement

Other

• M

_____ t A

-Va I Ti



loam 60"%m"SKETCH MAP

DRILLING LOG

WELL NUMBER DW-2 OWNER: U.S.A.F.

LOCATION Onram_ EastDDRESSForbe Field
of Row On rapTADES'opeka, KS

________________ 70TTAL DEPTH 52.7'

SURFACE ELEVATION WATER LEVEL:

DRILLING DRILLING Rotary DATE 12/17-26/84______________
COMPANY Terractri METHO0D RLE
DRILLER *i ij- HELPER. D.___Ritter ____ NOTES

Asphalt and Concrete 2.2'

Dark brown, silty clay

10

16.3'

-~ -Weathered Shale 18.1'

L..mestone 19.4'

20 -

Limestone w/ shale seams

24-21

25.0'

30 27.4'

Shale

40'

'il/JI4 1 '" ~ -



SKETCH4 MAP

DRILLING LOG

WELL NUMBER DW-2 (Cont) OWNER. U.S.A.F.
LOCATION4_________ ADDRESS Forbes Field

______ ___Tpeka, KS

_____________________TOTAL DEPTH________

SURFACE ELEVATION WATER LEVEL-

DRILLING DRILLING OAEtJ72/ ____t___________
COMPANY -METHOD -~' DRILLEDNOS

DRILLER R. Kelly HELPER. D. itter - ____NOTES_______

LOG BY, M. 1iutscEn

Shale wfsome limestone stringers 52.7'

Anring Tprminated 52.7' below the surface

*9I DI1M &*T Fm

7 wpwpw' - .



DW-2

Well.

Well Construction Summary
Loxtion or CoorWsO n ramp, north Elevation. Ground Level
of row 3 Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 52.7 ' SaFnsTotl Dpt 527'8" diameter to-23.1' Task Fns

Borehole Diameter Date Time Date Time
- 3.5" diameter to 52.7' Drilling

Driller Terracon Consultants 8" hole 12/17 15:48 12/18 11:10
3.5" hole T2M TFT T2M TT-

Rig CME - 55 Geophys.Logging: - . . .

Bit(s) 8" Roller bit Casing.
3.5' Roller bit 4"PVC 12/17 11:10 12/17 11:15

Drilling Fluid clean water

Surface Casing Filler Placemen._

Well Design: Cementing. 12- T-IM 1272o 1

C I Development: - .-
Basis: Geologic Log - Geophysical Log-. Olher

Casing rt~in?(s): F=Casing S=Screen . . . .

23.1 - 52.7 O - -

- _ -Well Development:
Developed by blowing with

-, ocompressed air

Casing CI

C2
'..

Screen: SI

S2, Comments:

Centralizers

Filter Material

Cement___________ ___________ __

Other_________ _________ __

1' .

-, . -0' 1



SKET1CH MAP

DRILLING LOG
WELL NUMBL DW-3 OWNER. U.S.A.F.

WEL ramp, east
LOCATION - ADDRESS Forbes Field
of ,a R "'I-eka, KS

TOTAL DEPTA
8 " 2

SURFACE ELEVATION WATER LEVEL'

DRILLING DRILLING DATE IZ/16.Z-1/_q
COMPANY Terracon METHOD NO SRi LE_.

DRILLER e. elly HELPER. ___ tt___NOTE_

G BY .
logged by drilling rate aLOG B M. HtsonCuttings

DESCRIPTION I SOIL CLASSIFICATION

0 (CLOR TEXURE STUCTURES)

As0halt and Concrete 1.45'

Dark brown, silty Clay

17.2'

Gray Limestone

20'

Gray Limestone w/shale stringers

23.3'

Gray Limestone

tBlack Shale

Light gray Shale 32.0'

Gray Shale w/sand stringers

"&*TU atm N'r__OF,2.

I *-- m t ,,
01 TV| DI"MT F.



DRILLINGSKETCH MAP
DRILLING LOG

WELL NUMBER DW-3(cont.) OWNER._U.S.A.F.

LOCATION ADDRESS Forbes Field
_____ _____Topeka, KS

TOTAL DEPTH "OA: _

SURFACE ELEVATION WATER LEVEL:

DRILLINGRILLING llow DATE 12/18-AT/e
COMPANY TerracCn METHOD RI u-LN,- _ kRILE "- " ___ NOTES
DRILLER -~R. Kelly HELPER D NOTE_

LOG BY M. Hutscn/ RCB

(COLOR, TEXTURE. STRUCTURES)

tAon

l A

Gray Shale w/limestone stringers 48.21

Boring Terminated 48.2' below the surface.

*&&IN Dim S E

PT I



Well DW- 3

Well Construction Summary

Location or Coodsi Elevaton Ground Level_ _ _

Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 48.2' Start Finish

Borehole Diameter 8" to 22.2' Task Date Time Date Time

3.5' to 48.2' . ln
D .e Terracon Consultants iv le 12/18 13:53 12/18 17:16

Dc_ _e_ 3.5" hole 2/27 9:20 12/18 10:30
0

i 4CME - 55
Rig Geophys Logging: - - - -

Bit(s) 8" Roller bit Casing:
3.5" Rioller bit 4 PVC 12/18 17:16 12/18 17:20

Drilling Fluid clean water . . . .

Surface Casing Filter Placement . . . .

Well Design: Cementing 2/20 11:40 12/20 11:52

DsnDevelopment: - -

Basis Geologic Log _YL Geophysical Log. Other

Casing String(s) C =Casing S Screen
0 -22.

2  C

22.2 - 48.2 Open

- - Well Development:

Developed by blowing with compressed

air

Casing Ci 4" dia.. sch. 80, PVC

C2

Screen- SI

SComments:

Centralizers

Filter Material

Cement

Other__ _ _ _ _ _ _ _ _ _

4k-,, C- '
l~ll ll



SPKE1CH MAP-

DRILLING LOG

WELL NUMBER _________ OWNEft._U.S.A.F.

LOCATION Northwest corner ADDRESS Forbes Field
n~f ramp -

____________________TOTAL DEPTH________

SURFACE ELEVATION WATER LEVEL,

DRI1LLING DRILLING 11113 DATED 92/4______________
COMPANY T-.rraccn METMO0D. ue . R IL & .19268

DRILLER ft.____Kelly __ HELPER D. it r NOTES

LOG BY M. Hutm

Aqnhalt and Gravel .5

Brown Clay

17'

Dark kray shall 18.2'

Light gray Shale w/some sand stringers

37'

keT 710 DI

SHI OF



SKETCH MAP

DRILLING LOG
WELL NUMBER DW-4(cont.) U.S.A.F.

WELL__NUM__E__OWNER __________

LOCATION ADDRESS Forbes Field
_v__ _ _ a, KS

TOTAL DEPTH______

SURFACE ELEVATION WATER LEVEL'

DRILLING DRILLING DATE
COMPANY Ter'aCca' METHOD Rotor',, MRgED 12/19-26/

DRILLER .. Kelly HELPER. D. JR-l NOTES

LOG BY M. Hutson

(COOR TETUE.STRUCTURES)

Dark gray Shale w/some limestone stringers

48.6'

Boring terminated 48.6' below the surface

50

.... .. ...

- -



DW-4Well W4

Well Construction Summary
Locaton or Coords: Northwest corner Elevation Ground Level _

of ramp Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 48.6' Slai Finish
Borehole Diameter 8" to 23.5' Task Date Time Date Time

3.5' to 48.6' Drilling

Driller Terracon Consultants 8"hole 12/19 9:39 12/19 11:45
3 "hole 12/26 14:45 12/26 15:20

Rig CME 55 Geophys Logging -. . .

Bit(s) 35Sol biC 12/19 11:45 12/19 11:50

Drilling Fluid water . . . .

Surface Casing Filter Placement . . . .

Well Design: Cementing 12/20 _ 12/20

Development. - .
Basis. Geologic Log - Geophysical Log.. Other
Casing String(s) C = Casing S = Screen
0 _23.5 C
2f3,g48.6 Open _ - ___

_ Well Development:
well developed by blowing with
compressed air

Casing ci 4"dia, sch 80, PVC

C2_____________'a-

Screen S1

_ _ _ _ Comments:
'S2

Centralizers

Filter Material

Cement6 :1 cement-bentonite

Other_

Y IF

A-to



o w n -s o l a w m a o n S K E T C H M A P

DRILLING LOG

WELL NUMBER _ DW-5 OWNER. U.S.A. F.

LOCATIONCorner or parking A07.RESS Forbes Field
lot westfTi poUMpTse "r _&(a, KS

G TOTAL DEPTH 60'

SURFACE ELEVATION WATER LEVEL'

DRILLING ORIL LING DATE
COMPANY Terao METHOD NOTESILE:1/1
DRILLER R. Kelly _ HELPERN N-_OTES

LOG BY M. HUtSm logged by drilling rate and
cuttings

're- " DES$CRIPTION / SOIL CLASSIFICATION

Tonsoil .2

Dark brown Clay

10.0'

Weathered Shale 11.8'

Limestone 13.4'

Shale w/some sand stringers

29.0'

I *I

Shale w/some limestone stringers

As? u DIN$HET

-V OF

/ _



SKETCH MAP

DRILLING LOG

WELL NUMBER DW-5 (cont.)OWNER U.S.A.F.

LOCATION ADDRESS Forbes Field
Topeka, KS

TOTAL DEPTH 60'

SURFACE ELEVATION WATER LEVEL_

DRILLING DRILLING Rot ar DATE 12/19-2t 4
COMPANY Terracon METHOD --- DRaLLE
DRILLER R. Kelly HELPER D.RItter - NOTES

LOG BY M. Hutson

DtESCRIPTION ISOIL CLASSIFICATION
(COLOR, TEXTURE. STRUCTURES)

*0

Shale w/some limestone stringers

160

Boring terminated 60' below the surface

&STUS Dim &*ET OF 2-I -



Well DW-5

Well Construction Summary
Location or Coords, Corner of parking Elevaton. Ground Leve!

lot west of Rumphouse G Top of Casing

Drilling Summary: Construction Time Log:

Total D 60' Start Finish

Borehole Dameter 8" to 16.8' Task Date Time Date Time
3.5" to 60' Drilling

Driller Terracon Consultants 8" hole 12/19 14:20 12/19 14:50
3 " hole 12/26 9:00 12/26 13:10

Rig CME -55 Geophys Logging

Bit(s) A" r.1 1 r hit Casing

3.5" raller bit 4" PVC 12/1 1

Drilling Fluid clean water _ __

Surface Casing Filter Placement - _ I ___

Well Design: Cementing 2/20 11:00 12/20 11:05

I . Devebpment.
Basis Geologic Log - Geophysical Log- Other

a Casing String(s) C = Casing S Screen
0 16.8 C _

n- &._ Oin

- -Well Development :
Well developed by blowing with

- -_- -- compressed air.

Casing C14 " dia, sch. 80, PVC

C2

Screen Si

S2 Comments:

Centralizers

Filter Material

Cement

Other_

- ".



DRILLING LOG 

SEC A

WELt NUMBER DW-6 OWNER. U.S.A.F.
LOCATION Northeast corner ADDRESS Forbes Field
of Tank Farm Tvqeka, KS

___________________TOTAL DEPTH 50'______

SURFACE ELEVATION WATER LEVEL:

DRILLING DRILLING Rotar DATE 12/20-27/84
COMPANY Terracon METHOD
DRILLER R.K1Y EPR.__________

LOG SY M. HutSofl/1RCE ogdb rligrt n

04 DESCRIPTION/ SOIL CLASSIFICATION

10.4

qTirnp I (. 9

Olive brown Shale

15.7

Limestone 19.7

Black Shale 23.0'

Gray Shale 26.4'

Sandstone w/some Shale sTrlrg rs
32.1'

ASTM DimS

SHE -IOF-

1' * f



UU.,.L SKETCH MAP

DRILLING LOG

DW-6 (cont.) U.S.A.F.WELL NUMBER ________OWNER __________

LOCATION ADDRESS Forbes Field
__Teka, KS

TOTAL DEPTH_ _ _

SURFACE ELEVATION WATER LEVEL'

DRILLING DRILLING Rotary DATE 12/20-27/8
COMPANY Terrac"n METHOD RI ED..

DRILLER R. Kelly HELPER. NOTES

LOG BY M. HutsOn

. // / -/- / DESCRI PT IONISOIL CLASSIFICATION
.0 TET---_ORE. STRUCTURES) ...

Gray sandy sh ale w/some limestone stringers

50.0

Boring terminated 50 feet below the "suriace

A8 -111 DEETIOF 2

mol bg/ii



Well DW-6

Well Construction Summary
Northwest Corner

Location or Coords Elevation Ground Level
of Tank Farm Top of Casing

Drilling Summary: Construction Time Log:

Total Depth 50' Sart , Finish

Borehole Diameter_8" to 20.4' Task Date Time Date Time
Drilling

Driller Terracon Consultants 8" hole 12/20 15:00 12/2C 15:45
311" bole T r? T T - 3T

Rig CMF - S9 Geophys.Logging: -

Bills) 8" roller bit Casing
Dilling3.5" roller bit 4" PVC 12/20 15:45 12/20 15:50
Drilling Fluid clen. .te

Surface Casing Filter Placement - -. .

Well Design: Cementing. 12/21 8:20 12/21 8:35

c Development. - -
B C Basis Geologic Log Geophysical Log- Other

Casing String(s) C = Casing S Screen

20.4 - 50' -(2 p -en

_ - - Well Development:
_ - well developed by blowing with

- - compressed air

Casing C1 4" dia., sch.80, PVC

Q) C2

w Screen: Si

SComments:~S2

Centralizers

Filter Material

*Cement
Other

I l LV si

lb



APPENDIX G

GROUND WATER FIELD SAMPLING SHEETS



FIELD SAMPLING SHEET

SITE LOCATION: rzet ( WELL NO.: Si'v- i

______________ DATE: Ip'~
SAMPLED BY: ,?i, / TIME: /. -~ A10J

W.O. f: 66 " "/ WEATHER:

WELL CONDITION

PROTECTIVE CASING:(J i DAMAGED:

LOCKED? YE

CONCRETE: DAMAGED:

WELL DIAMETER: ,_.2- in.

DEPTH TO WATER: , - ft REFERENCE CASING: c STEEL

TOTAL WELL DEPTH: _ft

VOLUME IN CASING: , gal VOLUME EVACUATED gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: j4i; /PUMP ING/OTHER

SAMPLING BY: BA7( GjUMPING/OTHER___

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

PIG
P/G
PiG
PiG
PiG

FILTERED YES/NO

FIELD MEASUREMENTS 7,. V4

TEMP. /,__ _ _ C pH * CONDUCTANCE 1.1O umhos/cm

RJK 6/27/84 91 1
- . S .,

• I.



FIELD SAMPLING SHEET

SITE LOCATION: T-'r ff(J WELL NO.:

?=4r , DATE: I / ,/ "

SAMPLED BY: P !- ' TIME: I At.TP-

W.O. 9: W- " WEATHER:

WELL CONDITION

PROTECTIVE CASING: 9  DAMAGED:

LOCKED? YES.NQ'&

CONCRETE: L AC DAMAGED:

WELL DIAMETER: I__ ?" _in.

DEPTH TO WATER: I Of t REFERENCE CASING: PVC/STEEL

TOTAL WELL DEPTH: I '  ft -5- & - J. f

VOLUME IN CASING: _ gal VOLUME EVACUATED gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: PUMPING/OTHER

SAMPLING BY: I UMPING/OTHER

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

___ ___ P& I~ ~~Y1
PIG __-
P/G
P/G
P/G
P/G
P/G

FILTERED YES/NO

FIELD MEASUREMENTS -7,I

TEHP, ~e '", C PH 7. Ia
TEMP.- CONDUCTANCE -)'k,0 -umhos/cm"

aft a// a_ aaaaaa*awaaaaaagoa__taf



FIELD SAMPLIN SHEET

SITE LOCATION: W' ' WELL NO.:

. /J.,, */(,, .... DATE: 4) ,-3

SAMPLED BY: .5, X,16/. .,/A.,/ TIME: t' _

W.O. 9: "5/ WEATHER: 2 5-..

WELL CONDITION

PROTECTIVE CASING: 3TACT) DAMAGED:

LOCKED? YE. -

CONCRETE: ( DAMAGED:

WELL DIAMETER: 2 in.

DEPTH TO WATER: 14, ft REFERENCE CASING: PVC/STEEL

TOTAL WELL DEPTH: _ ____ft 5.Lw' L '4?'
VOLUME IN CASING: _gal VOLUME EVACUATED al

BEFORE SAMPLING 7
SAMPLING

EVACUATION BY: BIIiNG PUMPING/OTHER . .. . _._,,

SAMPLING BY: LIN)GPUMPING/OTHER

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

__ _-__. __ P/G __ __ __,__,-,___..___ __,___ ,_ _____,_,,. ___- _5__ PIG -_'_'_ "
P/G
P/G
P/G
P/G

FILTERED YES@

FIELD MEASUREMENTS ($5 ~C,6

TEP. ) "C pH ..o CONDUCTANCE -umhos/cm

' RJK 6/27/84

__ __ _ _...PG..... ......___ _ __ _ _ __ _ __ _ __ __ _ __ _

__ _ __ _ _ _ I _ _ _ " "___ _ _ __ _ _ _ ,'__ _ __ _ _ __ _ _

__ _ _ _ __ _ P G_.,__ __ _ _ _ __ _ _ __ _ _ _ _.__ _ _



FIELD SAMPLING SHEET

SITE LOCATION: . '/ WELL NO.: ,."'-

_____,_____ DATE: ) /( iS
SAMPLED BY: A-, 1, -' TIME: AM&)

WO. 9: W .:, WEATHER: -' -

WELL CONDITION

PROTECTIVE CASING: DAMAGED:

LOCKED? YE NO

CONCRETE: A DAMAGED:

WELL DIAMETER: ci- In.

DEPTH TO WATER: , ft REFERENCE CASING: PVC/STEEL

TOTAL WELL DEPTH: 7,,,S ft

VOLUME IN CASING: /'7 gal VOLUME EVACUATED / gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: 6 PUMPING/OTHER

SAMPLING BY: JA] 1 UMPING/OTHER

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

PIG
PIG
PIG
P/G
P/G

FILTERED YES/NO

FIELD MEASUREMENTS 1,00 i~S',.
TEMP. PH .CONDUCTANCE -11_o mho$/cm'

' RJK 6/27/84

________ PG____ __________ ____________
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FIELD SAMPLING SHEET

SITE LOCATION: F"IC F, V WELL NO.: _"-_

(~ ~As DATE: J0
SAMPLED BY: __ ,____-_,__. __TIME: I.,d AMA&'

W.O. f: OZ -. WEATHER: ,--5

WELL CONDITION

PROTECTIVE CASING: DAMAGED:

LOCKED? YES&

CONCRETE: DAMAGED:

WELL DIAMETER: -2, in.

DEPTH TO WATER: 7:K ft REFERENCE CASING: cS )STEEL

TOTAL WELL DEPTH: I ft

VOLUME IN CASING: o, I gal VOLUME EVACUATED o4  al
BEFORE SAMPLING

SAMPLING

EVACUATION BY: AILING UMPING/OTHER

SAMPLING BY: UMPING/OTHER

COMMENTS:

SAMPLE

BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS
____I l''.,.."iQ)4L~~

P/G
PIG
PIG
PIG
PIG

FILTERED YES/6

FIELD MEASUREMENTS ,

TEP c P .CONDUCTANCE •mosc

RJK 6/27/84

,______ / ____ ____________.___________

-_______ PG ___ ___________________________

. . ....__ _ P/ _ __ _ ___ __ ___ __- ___- _______--_.__-___... ...___
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FIELD SAMPLING SHEET

SITE LOCATION: / L ) WELL NO.: .fW-_5-

_______________ DATE: __3/ J-_

SAMPLED BY: /4/ I ; TIME: "Y5 AM/1

W.O. 0: W " -" -/ WEATHER:- v , 5 ,

WELL CONDITION

PROTECTIVE CASING: 6NT DAMAGED:

LOCKED? YES6N

CONCRETE(c13 DAMAGED:

WELL DIAMETER: __in.

DEPTH TO WATER: 2,8 ft REFERENCE CASING: , STEEL

TOTAL WELL DEPTH: 7.2 -ft . / /(

VOLUME IN CASING: .. _____gal VOLUME EVACUATED
BEFORE SAMPLING

SAMPLING

EVACUATION BY: GjI3 2/PUMPING/OTHER

SAMPLING BY: ( ZG/PUMPINGOTHER

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

___ __ #A Ir/I .. I-5~6

P WG
PIG
PIG
P/G

FILTERED YES/NOC.1

FIELD MEASUREMENTS 6.1 19-

TEMP. 4/ C PH ' CONDUCTANCE ':o umhos/cm

RJK 6/27/84

_____ P0_ _ o

_I77_f_-
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FIELD SAMPLING SHEET

SITE LOCATION: fv,,, F, /r WELL NO.: S. IAv-

--)o, DATE: I /3 5

SAMPLED BY: ' , TIME: M

W.O. p: CS -f -,'1 WEATHER: '- f---

WELL CONDITION

PROTECTIVE CASING:I DAMAGED:

LOCKED? YE

CONCRETE: ITC DAMAGED:_

WELL DIAMETER: i n.

DEPTH TO WATER: 13 ft REFERENCE CASING: PVSTEEL

TOTAL WELL DEPTH: '  ft

VOLUME IN CASING: _ _ __ gal VOLUME EVACUATED jj/" gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: i PUMPING/OTHER

SAMPLING BY: N UMPING/OTHER

COMMENTS: $.f4(

SAMPLE

BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

*/.. PI 4 ie _ _______ 0,1

PIG
P/G
PIG
PIG
PIG

FILTERED YES60

FIELD MEASUREMENTS ,q/

TEMP. F% C pH _ ,___ CONDUCTANCE i ,s umhos/cm

RJK 6/27/84

-7q .
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FIELD SAMPLING SHEET
SITE LOCATION: etY WELL NO.: ____

______ _I$___ 9____ DATE:

SAMPLED BY: .'.C,c~k , 4.6A l .. TIME: ) ' AM&

W.O. 9: 2,2 -- 5 ( WEATHER:_________________

WELL CONDITION

PROTECTIVE CASING: INTACT DAMAGED: - i- ;'d-(1o4

LOCKED? YESO1/

CONCRETE: (JNT DAMAGED:

WELL DIAMETER: L _ in.

DEPTH TO WATER: 7 7,5- ft REFERENCE CASING: fSTEEL

TOTAL WELL DEPTH: L6- ft

VOLUME IN CASING: gal VOLUME EVACUATED
BEFQRL SAMPLING

SAMPLING Y SAMLING

EVACUATION BY: BAILING/PUMPING/OTHER ___ ___ __-6_ __ ___ __

SAMPLING BY: QE 9PUMPING/OTHER _

COMMENTS:

SAMPLE

BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

PIG

P/G
P/G
P/G
P/G

FILTERED YE!&

FIELD MEASUREMENTS C'. '70 57

' ~o -7 / *. 1 5' /,TEMP. VA;? I pH 75.o CONDUCTANCE , umhs/cm

RJK 6/27/84

__ _ _ __ _ I __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _
__ __ __ __ _ P/ _ __ _ ,_ _ __ _ __ _ __ __,_ __ _ __ _ __ _ __ _

__ _ _ _ __ _ P G__ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _

____ ____ ___ PIG___ ____ ___ ____ ___ ___ ___ ____ ___ ____ __"

. ................. . .- .. ............. __, __.. _ -:_ _ P/G_-___,_,__-_____-,___....____. .. ..___-____- -- --



FIELD SAMPLING SHEET

SITE LOCATION: r' WELL NO.: _ -_

k29k. ~DATE: 3
SAMPLED BY: /L , TIME: L ) 5

w.O. I: ((c- ( I WEATHER: ",)O,

WELL CONDITION

PROTECTIVE CASING: INTACT DAMAGED: J .> ' ,I//./

LOCKED? YES6

CONCRETE: E DAMAGED:

WELL DIAMETER: __ in.

DEPTH TO WATER: /3, Y  ft REFERENCE CASING, PVC/ST L,, 6 4j •

TOTAL WELL DEPTH: _ _ _ _ ft 7

VOLUME IN CASING: -___gal VOLUME EVACUATED -
BEFORE SAMPLING

SAMPLING

EVACUATION BY: BAILING/PUMPING/OTHER ,-4 c(,, ,,,,..

SAMPLING BY: G UMPING/OTHER v

COMMENTS:

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

P/J9

PiG
P/G
P/G
P/G

FILTERED YES/6

FIELD MEASUREMENTS " "
7, Jr Tuo

TEP. pH &t ' CONDUCTANCE . 3;r"  umhos/cm"

, RJK 6/27/84
_'Top^-. ' --

___________ PG _____ _________________ ___________________

_______ I ____ __________ ____________

__ __ _ __ _ PI . __ _- _ _.,_ _ ____________....__ -_ _.. . . .. . . .. ._ _.......



FIELD SAMPLING SHEET

SITE LOCATION: T" F, WELL NO.: __ 3

'itk K DATE: 1 / ,55/ -

SAMPLED BY: '- f4"  TIME: __.___ AMI

W.0. f: ,:" - I WEATHER: ,

WELL CONDITION

PROTECTIVE CASING: INTACT DAMAGED: h, , , *. -

LOCKED? YES"

CONCRETL'jNCT DAMAGED:

WELL DIAMETER: f in.

DEPTH TO WATER: -ft REFERENCE CASINQG3j_.D/STEEL

TOTAL WELL DEPTH: '1 ft

VOLUME IN CASING: jgal VOLUME EVACUATED -_ gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: BAILING/PUMPING/OTHER ' . C.

SAMPLING BY: c N UMPING/OTHER

COMMENTS: $ a w, 4 4.
SAMPLE

BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

PG
PIG
PIG
P/G

FILTERED YES/NO

FIELD MEASUREMENTS l, fyrd

I o I 6rH . k

TEMP. oc C PH CONDUCTANCE I umhos/c-

RXK 6/27/84
. .P..to_ .

________ / ____________-_______________ ,
__

________ IG____ _________________________



FIELD SAMPLING SHEET

SITE LOCATION: -' '> 1f'(4  WELL NO.:

IV_______ DATE: ( i$

SAMPLED BY: /TIME: PM

W.O. f: i_-' " 
/ WEATHER: ]b --

WELL CONDITION

PROTECTIVE CASING: CNT p DAMAGED:

LOCKED? YES

CONCRETE: DAMAGED:

WELL DIAMETER: _ _ _ _ in.

DEPTH TO WATER: , ft REFERENCE CASING: TEEL

TOTAL WELL DEPTH: ft

VOLUME IN CASING: I gal VOLUME EVACUATED gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: BAILING/PUMPING/OTHER , '.-

SAMPLING BY: N UMPING/OTHER

COMMENTS: 25 J.1i&

/

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

______ P(j II. i 5c 6) 'q

PIG
P/G
PIG
P/G
P/G

SFILTERED YE S t

,FIELD MEASUREMENTS 6.4 1190?

TEMP. 9 C PH 6,15 CONDUCTANCE t't 7. umhos/cm

RJK 6/27/84

_______ / ____ ___________ _____________
________"PG ____ ____________ ,.___________,__

________ PG_______________ _____.,________

_________ P/ ____ _____________ _____________



FIELD SAMPLING SHEET

SITE LOCATION: , F,"( WELL NO.: pj 5-5
;4 DATE: 1 3 S

SAMPLED BY: ,/1, g TIME: )1:I3 AM M

W.O. #: Oc.,-o5 . 5 1 WEATHER: ,' .

WELL CONDITION

PROTECTIVE CASING: INTACT -OM" . ,,t ,*, i- /

LOCKED? YES10

CONCRETE: ! DAMAGED:

WELL DIAMETER: _ __ __ in.

DEPTH TO WATER: _ '____ft REFERENCE CASING: PVC/STEEL

TOTAL WELL DEPTH: -___-  
_ ft

VOLUME IN CASING: _ c_ , -gal VOLUME EVACUATED gal
BEFORE SAMPLING

SAMPLING

EVACUATION BY: BAILING/PUMPING/OTHER ____,-,__. ____"____,'__

SAMPLING BY: (PUMPING/OTHER

COMMENTS: % { 4. c.

" 'SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

__ __ _ PM~ 1- /5 ' ,/C-.-sr ,
PIG
PIG
PIG
PIG
PIG

FILTERED YES(q 
gl

FIELD MEASUREMENTS -. I & o6

TEMP. / , C PH *.jr CONDUCTANCE 24 0 o umhos/cm

i RJK 6/27/84

'h

__ _ _ __ _ _ P/ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ _



FIELD SAMPLING SHEET

SITE LOCATION: W, Er. T,,- ELL ND.: _____

/__ _ _J(5 DATE: I / V

SAMPLED BY: ,b' , TIME: PM IP

W.O. IW _ (! e( WEATHER:___________________

WELL CONDITION

PROTECTIVE CASING: INTACT DAMAGED: k't >.t ;,r( //'L/

LOCKED? YESON

CONCRETE: INTAT DAMAGED:

WELL DIAMETER: in.

DEPTH TO WATER: I , ' ft REFERENCE CASING: PVC/STEEL

TOTAL WELL DEPTH: ___, __-_ft

VOLUME IN CASING: /6 gal VOLUME EVACUATED gal
BEFORE SAMPLJNG

SAMPLING '4' - .elf d ,.-,f

EVACUATION BY: BAILING/PUMPING/OTHER _____-._,,, ___,.___,'__

SAMPLING BY: (cI3j /PUMPING/OTHER

COMMENTS: 5,,:., . e, . _

SAMPLE
BOTTLE LABEL TYPE VOLUME PRESERVATIVE PARAMETERS

PiG
PIG
PIG
PIG
PiG

FILTERED YES/NO

FIELD MEASUREMENTS ,Jo -X160o

TEMP. / o C PH '.O CONDUCTANCE =,o umhos/cm

RXK 6/27/84

' le ~~ to ,I ,,

• .- . . --. ,_','_.. __, ____ ' P,-/G _. ___ _. . ..__ ___ __ -___,_ ._--_____....____....___
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APPENDIX I

STANDARD LABORATORY ANALYTICAL PROTOCOLS



I
j OIL AND GREASE, TOTAL RECOVERABLE

Method 413.2 (Spectrophotometric, Infrared)

STORET NO. 0050

1. Scope and Application1.1 This method includes the measurement of fluorocarbon-113 extractable matter frcn

surface and saline waters, industrial and domestic wastes. It is applicable to ti:
determination of hydrocarbons, vegetable oils, animal fats, waxes, soaps, greases aid
related matter.

1.2 The method is applicable to measurement of most light petroleum fuels, although loss if
about half of any gasoline present during the extraction manipulations can be expecti.

1.3 The method covers the range from 0.2 to 1000 mg/I of extractable material.
1.4 While this method can be used to obtain an estimate of the oil and grease that ,ould 1:

measured gravimetrically, in many cases the estimate more accurately describes tC
parameter, as it will measure volatiles more effectively and is not susceptible a
interferences such as extractable sulfur. It can be used with the Petroleum Hydrocarbm
procedure to obtain an oil and grease value and a petroleum hydrocarbon value on ti:Isame sample.

2. Summary of Method
2.1 The sample is acidified to a low pH (< 2) and extracted with fluorocarbon-1 13. The 6l

and grease is determined by comparison of the infrared absorbance of the sample extra.,
with standards.

3. Definitions

3.1 The definition of oil and grease is based on the procedure used. The source of the ol
and/or grease, and the presence of extractable non-oily matter will influence the materiJ
measured and interpretation of results.

4. Sampling and Storage
4.1 A representative sample of I liter volume should be collected in a glass bottle. If analyss

is to be delayed for more than a few hours, the sample is preserved by the addition of 5 n)
HCI (6. l)at the time of collection and refrigerated at 4C.

4.2 Because losses of grease will occur on sampling equipment, the collection of a composie5 sample is impractical. Individual portions collected at prescribed time intervals must le
analyzed separately to obtain the average concentration over an extended period.

5. Apparatus
5.1 Separatory funnel, 2000 ml, with Teflon stopcock.
5.2 Infrared spectrophotometer, scanning. Non-scanning instruments may also be used bit

can be subject to positive interferences in complex chemical wastewaters.

5.3 Cells, 10 mm, 50 mm, and 100 mm path length, sodium chloride or infrared grade gla:-,
5.4 Filter paper, Whatman No. 40, 11 cm.

IIssued 1974
Editorial revision 1978

413.2-1

A''

I. I',.



APPENDIX A

Raw Laboratory Data



DATE OF FINAL REPORT: 28 January 1985

FORBES FIELD AIR NATIONAL SUARO BASE
FINAL REPORT
OIL AND GREASE BY I.R.: SOILS

DATE SAMPLES COLLECTED: 12/13/84. 12/14/84, 12/28/84, 12/29/84

SAMPLES COLLECTED BY: Hark Hutson

SAMPLES RECEIVED BY LABORATORY: 1/3/85

R.FW. NO. SAMPLE DESCRIPTION OIL AND GREASE,mL/g

8501-011-0010 8-2, S-3 51
-0020 SW-5, S-2 829
-0030 S1-4, S-I 30
-0040 SW-3, S-4 38
-0050 8-10. S-1 686
-0060 SW-4, 5-3 31
-0070 SW-1, S-2 38
-0080 8-9, S-3 25
-0090 B-3, S-2 50
-0100 B-4, S-I 36

OIL AND GREASE BY I.R.: WATER

DATE SAMPLES COLLECTED: 1/3, 1/4/85

SAMPLES COLLECTED BY: Mark Hutson

SAMPLES RECEIVED BY LABORATORY: 1/8/85

R..W. NO. SAMPLE DESCRIPTION OIL AND GREASEma/L

8501-035-0010 DW-1 0.71
-0020 OW-2 0.10
-0030 DW-3 (0.10
-0040 DW-4 40. 10
-0050 DW-5 1.39
-0060 DW-6 0.17
-0070 Sw-l 1.09
-0080 SW-2 1.75
-0090 SW-3 0.23

Tn,

Za- ,

. ,



DATE: 28 January 1985

FORBES A.N.G.B. (CON'T)

R.F.W. NO. SAMPLE DESCRIPTION OIL AND GREASE,mg/L

8501-035-0100 SW-4 0.45
-0110 SW-5 3970
-0120 SW-6 2.03
-0130 DUPLICATE 3.27 -'--'

-0140 FIELD BLANK <0.10

APPROVED BY:___ __ __ _ _

al M. Hanson, Ph.D.
Director
Analytical Laboratory



APPENDIX K

BAILDOWN TEST DATA AND ANALYTICAL REFERENCE
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A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers
With Completely or Partially Penetrating Wells

HEIMAN BOUWER AND R. C. RICE

U.s Water Coluervaion Laboratory. Arricidtura/ Renr'ch Service. U.S. Department of Agricuiture. Phoenix. Ati:o,. 53040

A procedure is presented for calculating the hydraulic conductivity of an aquifer near a well from the
rate of rise of the waler level in the well after a certain volume of water is suddenly removed. The
calculation is based on the Thiem equation of steady state Now to a well. The effective radius R, over

which the head difference between [he equilibrium water table in the aquifer and the water level in the well

is dissipated was evaluated with a resistance network analog for a wide range of system geometries. An

empirical equation relating R, to the geometry of the well and aquifer was derived. The technique is

applicable to completely or partially penetrating wells in unconfined aquifers. It can also be used ror
confined aquifers that receive water from the upper confining layer. The method's results are compatible
with those obtained by other techniques for overlapping geometries.

With the slug test the hydraulic conductivity or trans- completely penetrating well, and the solution was expressed as

missibility of an aquifer is determined from the rate of rise of a series of'type curves' against which observed rates of water

the water level in a well after a certain volume or 'slug' of level rises were matched. Values for the transmissibility and
water is suddenly removed from the well. The slug test is storage coefficient were then evaluated from the curve parame-

simpler and quicker than the Theis pumping test because ter and horizontal-scale position of the type curve showing the

observation wells and pumping the well are not needed. With best fit with the experimental data. Skibiizke [19581 developed
the slug test the portion of the aquifer 'sampled' for hydraulic an equation for calculating transmissibility from the recovery
conductivity is smaller than that for the pumping test even of the water level in a well that was repeatedly bailed. The
though with the latter, most of the head loss also occurs within technique is limited to wells in confined aquifers with sur-
a relatively small distance of the pumped well and the resulting ficiently shallow water levels to permit short time intervals
transmissibility primarily reflects the aquifer conditions near between bailing cycles [Lohman. 19721.
the pumped well. To use the slug test for partially penetrating or partially

Essentially instantaneous lowering or the water level in a perforated wells in confined or unconfined aquifers, some solu-
well can be achieved by quickly removing water with a bailer tions developed for the auger hole and piezometcr techniques
or by parially or completely submerging an object in the to measure soil hydraulic conductivity [Bouwer and Jackson.
water. tting the water level reach equilibrium, and then 19741 may be employed. However, the geometry of most
quickly removing the object. If the aquifer is very permeable. groundwater wells is outside the range in geometry covered by
the water level in the well may rise very rapidly. Such rapid the existing equations or tables for the auger hole or piezome-
rises can be measured with sensitive pressure transducers and ter methods. For this reason, theory and equations are pre-
fast-response strip chart recorders or x-y plotters. Also it may sented in this paper for slug tests on partially or co, ipletely
be possible to isolate portions of the perforated or screened penetrating wells in unconfined aquifers for a wide range of
section of the well with special packers for the slug test. This geometry conditions. The wells may be partially or completely
not only reduces the inflow and hence the rate of rise of the perforated, screened, or otherwise open along their periphery.
water level in the well. but it also makes it possible to deter- While the solutions are developed for unconfined aquifers.
mine the vertical distribution of the hydraulic conductivity, they may also be used for slug tests on wells in confined
Special packer techniques may have to be developed to obtain aquifers ir water enters the aquifer from the upper confining
a good seal, especially for rough casings or perforations. Eft'ec- layer through compression or leakage.
live sealing may be achieved with relatively long sections of
inflatable stoppers or tubing. The use of long sections of these Tmteoay

materials would also reduce leakage flow -from the rest of the- .. Geonletry and symbols of a well in an unconfined aquifer
well to the isolated section between packers. This flow. can are shown in Figure I. For the slug test the water level in the
occur through gravel envelopes or other permeable zones sur- well is suddenly lowered, and the rate of rise of the water level
rounding the casing. Sections of inflatable tubing may have to is measured. The flow into the well at a particular value of y
be long enough to block off the entire part of the well not used can be calculated by modifying the Thiem equation to
for the slug test. High inflation pressures should be used to 7
minimize volume changes in the tubing due to changing water 0 - 21 XK L (R/,) (I)
pressures in the isolated section when the head is lowered.

So far. solutions rot the slug test have been developed only where Q is the flow into the well (length'/time), K is the
for completely penetrating wells in confined aquifers. Cooper hydraulic conductivity of the aquifer (length/time), L is the

etal. 19671 derived an equation for the rise or fall ofthe water height of the portion of well through which water enters
level in a well after sudden lowering or raising. respectively. (height of screen or perforated zone or of uncased portion of

Their equation was based on nonsteady flow to a pumped. well),y is the vertical distance between water level in well and
equilibrium water table in aquifer. A, is the effective radius

'up.~r 1ht , tit h ,e \mcri,.iin ooph'.i'al Li.on. over %hich y' is dissipated. and'r, is the horizontal distance
423
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f ' surrounded by a 10-cm permeable gravel envelope with ale- "" ""'' [. fA~lE .porosity of 30%. P, should be taken as 1201 + 0.300017 -

WA TER TABLE 20')" - 23.5 cm to obtain the cross-sectional area of the well
"Y ythat relates Q to dy/dr. The value of r for this well section is

30 cm.
Combining (1) and (2) yields

i i I 2KL
1 dy- P.2 In (It./.) dL (3)

H r D which can be integrated to

L,2KLi 4, , 11 , ,, - n(-.--,+ constant (4)
I 'r. In (R.fr.)I I I I

I Applying this equation between limits y. at I - 0 and y, at I
I and solving for K yield

- r,.' In (RI,) I ( 5O)

This equation enables K to be calculated from the rise ot the
water level in the well after suddenly removing a slug of water

Z7 7,077771 7 7 .////// from the well. Since K, P,. ,., A, and L in (5) are constants.
IMPERMEABLE (I/t) In y./y must also be constant. Thus field data should

Fig I. Geometry and symbols of a partially penetrating, partially yield a straight line when they are plotted as In y, versus t. The
perforated well in unconfined aquifer with gravel pack or developed term (I/t) In y/.y, in (5) is then obtained from the best-fitting
zone around perrorated section. straight line in a plot of In y versus I (see the example). The

value of In R./r. is dependent on H, b. L, and r. and can be

from well center to original aquifer (well radius or radius of evaluated from the analog results presented in the next section.
casing plus thickness of gravel envelope or developed zone). The transmissibility T of the aquifer is calculated by mui-.

The terms L, y. A.. and P. are all expressed in units of plying (5) by the thickness D of the aquifer or
length. The effective radius R. is the equivalent radial distance
over which the head loss y is dissipated in the flow system. The T - D

r  
' In (R./r,, 5 n. (6)

value of R, depends on the geometry of the flow system, and it 2L I ye

was determined for different values of H. L. D, and r,. (Figure This equation is based on the assumption that the aquifer is
1) with a resistance network analog, as will be discussed in the uniform with depth.
next section. Equation (I) is based on the assumptions that (1) Equations (5) and (6) are dimensionally correct. Thus K and
drawdown of the water table around the well is negligible, (2) T are expressed in the same units as the length and time
flow above the water table (in the capillary fringe) can be parameters in the equations.
ignored, (3) head losses as water enters the well (well losses)
are negligible, and (4) the aquifer is homogeneous and iso- EVALUATION OF A.

tropic. These are the usual assumptions in the development of Values of R,. expressed as In R./r,, were determined wihth
equations for pumped hole techniques (Bouwer and Jackson. an electrical resistance network analog for different values of
1974, and references therein). r, L. H, and D (Figure 1). using the same assumptions as

I he value of r., in (I) represents the radial distance between those for (I). An axisymmetric sector of I rad was simulated
the undisturbed aquifer and the well center. Thus r, should by a network of electrical resistors. The vertical distance be-
include gravel envelopes or 'developed' zones if they are much twecn the nodes was constant, but the radial distance between
more permeable than the aquifer itself (Figure I ). nodes increased with increasing distance from the center line

The rate of rise. dy/dr. of the water level in the well after (Figure 2). This yielded a network with the highest node
suddenly removing a slug of water can be related to the inflow density near the well. where the head loss was greatest, ahd a
Q by the equation decreasing node density toward the outer reaches of the sy-

dy/dr - Q/sir' (2) tem. For a more detailed discussion of graded networks for
representing axisymmetric flow systems, see Lkebmawr 11950]

where 'r
3 is the cross-sectional area of the well where the and Bouwer 119601.

water level is rising. The minus sign in (2) is introduced be- The radial extent of the medium represented on the analog
cause y decreases as I increases. was more than 60,000 times the largest , value used in the

The term r, is the inside radius of the casing if the water level analyses. Thus the radial extent of the analog system was
is above the perforated or otherwise open portion of the well. essentially infinite, as evidenced by the fact that a reduction in
Ir the water level is rising in the perforated section of the well, radial extent by several nodes did not have a measurable effect
allowance should be made for the porosity outside the well on the observed value of A..
casing if the hydraulic conductivity of the gravel envelope or The value of A. for an infinitely deep aquifer (D a -) was
developed zone is much higher than that of the aquifer. In that determined by simulating an impermeable and then an in.-
case the (open) porosity in the permeable zone must be in- finitely permeable layer at a certain value of D. If this value of
cluded in the cross-sectional area of the well. For example. if D is taken to be sufficiently large, the flow in the system when
.5.... A;.., -r.,. -.. r-......A .. i.;,, IM n .. A 11'. -;. . .. t e . *? it tal,@" at hp .*e irm .. m,ahto .s,.- ei h i
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Fig. 2. Node arrangement (dots) for resistance network analog and potential distribution (indicated as percentages on

equipotentials) for system with LI. - 625, HI,. - 1000. and DI,. - 1500. The numbers on the left and at the top of the
figure arc arbitrary length units (note breaks in horizontal scale).

less than the flow when the layer is taken as being infinitely results indicated that the effective upper limit of In ((D - H)/
permeable. The average of the two flows can then be taken as a r.] is 6. Thus if D is considered infinity or (D - H)/,, is so
good estimate of the flow that would occur if the aquifer were large that In [(D - H)/r.] is greater than 6, a value of 6
represented on the analog as being uniform to infinite depth should still be used for the term In j(D - H)/,.,j in (8).
[Bouwir. 1967). This average flow was used to calculate R, for If D - H. the term In [(D - H)/r,,] in (8) cannot be used. L
D - The analog results indicated that for this condition. which is

The analog analyses were performed by simulating a system the case of a fully penetrating well, (8) should be modified to
with certain values of r,, H. and D. The electrical current
entering the 'well' was then measured for different values of L.( 1.1 + (9)
ranging from near H to near 0. This was repeated for other in R./r. + Y(H/) L(9)-.
values ofP.. H, and D. The condition where L - H could not
be simulated on the analog because it would mean a short where C is a dimensionless parameter that is a function of
between the water table as the source and the well as the sink. LI, as shown in Figure 3.
The electrical current flow in the analog was converted to Equations (8) and (9) yield values of In R./r that are within
volume per day, and In R./r,. was evaluated with (1) for each 10% of the actual value as evaluated by analog if L > 0.4H and
combination of P., H. L. and D used in the analog. within 25% if L << H (for example. L - 0.IH).

For a given geometry described by r., H. and D, the current The analog analyses were performed for wells that were
flow Q, into the simulated well varied essentially linearly with closed at the bottom. Occasionally, however, wells with open
L and could be described by the equation bottoms were also simulated. The flow through the bottom

appeared to be negligible for all values of,. and L used in the
Q - mL + i (7) analyses. If L is not much greater than ,. (for example. LI,,

Because of the linearity between Q2 and L the results of the << 4), the~system geometry approaches that of a piezometer
analysts could be extrapolated to the condition L, -- H. The cavity (Bouwer and'Jackson. 19741, in which case the bottom .
values ofm in (7) appeared to vary inversely with In f/r.. The flow can be significant. Equations (8) ind-(9)ciiiialso-ae"-d
values of n varied approximately linearly with In (D - H)/ to evaluate In R./r. ira portion of the perforated or otherwise
,.J. the slope ,and intercept 8 in these relations being a runc. open part of the well is isolated with packers for the slug test. ;.T
tion of LIP.. This enabled the derivation of the'following Equipotentials for the flow system around a partially pene.
empirical equation relating In R/. to the geometry of the trating, partially perforated well in an unconfined aquifer aftersystem: lowering the water level in the well are shown in Figure 2. Thenumbers along the symmetry axis and the water table repre.

to I . + 4+ BIn(D - (f)/3.l" ) sent arbitrary length units. The numbers on the equipotentials -

/.) [F LIP . indicate the potential as a percentage of the total head differ. 
ence between the water table (100%) and the open portion of

In this equation. A and 8 are dimensionless coef fients that the well (0%) shown as a dashed line.
are functions of LIP.. as shown in Figure 3. If D >> f. an The value of R, for the case in Figure 2 is 96.7 length units.
i increase in 0 has no measurable cflct on In R./r.. The analog As shown in the figure. this corresponds approtimatel) to the

/ "4. "-
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85" equipotntial when A, is laterally extended from the cen- rapid infiltration basins for groundwater recharge with sewage
ter of the open portion of the well. Thus most of the head loss effluent (Bouwer, 1970]. The static water table was at a depth
in the flow system occurs in a cylinder with radius R., which is of 3m, D - 80 m, H - 5.5 m. L - 4.36 m, r, - 0.076 m. and r.
indicative of the horizontal extent of the portion of the aquifer was taken as 0.12 m to allow for development of the aquifer
sampled for K or T. The vertical extent is somewhat greater around the perforated portion of the casing. A Statham
than L, as indicated by. for example, the 80% equipotential in PM I3ITC pressure transducer was suspended about I in be.
Figure 2. low the static water level in the well (when trade names and

To estimate the rate of rise of the water level in a well after it company names are included, they are for the convenience of
is suddenly lowered. (5) can be written as the reader and do not imply preferential endorsement of a

particular product or company over others by the U.S. De-
l - In IIn (10) partment of Agriculture). A solid *cylinder with a volume

2KL P. ye equivalent to a 0.32-rn change in water level in the well was
By taking y, - 0.9y. (10) reduces to also placed below the water level. When the water level had

returned to equilibrium, the cylinder was quickly removed.
I. 0.0527 - In (I) The transducer output, recorded on a Sargent millivolt r-

KL r corder, yielded the y-( relationship shown in Figure 4 with y
where r is the time that it takes for the water level to rise plotted on a logarithmic scale. The straight-line portion is the
90% of the distance to the equilibrium level. By assuming a per- valid part of the readings. The actual y, value of 0.29 rn
meable aquifer with K 3 30 m/day. a well with r. = 0.2 in and indicated by the straight line is close to the theoretical value of
L - 10m. andln(R./r.,)- 3, (l1) yields goq. 1.$2s. Thusif 0.32 m calculated from the displacement of the submerged
y, is taken as 30 cm, it lakes 1.8 s for the water level to rise 27 cylinder.
cm. another 1.8 s for the next 2.7 cm (90% of the remaining 3 Extending the straight line in Figure 4 shows that for the
cm). and another 1.8 s for the next 0.27 cm. or a total of 5.4 s arbitrarily selected t value of 20 s. y O.025 m. Thus (I /r) In
for a rise of 29.97 cm. Measurement of this fast rise requires a y/y, a, 0.238 s". The value of LP. - 38, for which Figure 3
sensitive and accurate transducer and a fast-response recorder. yields A - 2.6 and 5 = 0.42. Substituting these values into (8)
The rate of rise can be reduced by allowing groundwater to and using the maximum value of 6 for In ((D - H)/r. (since
enter through only a portion or the open section of the well, as In I(D - H)/r,] for the well exceeds 6) yield In (R./r,) - 2.37.
can be accomplished with packers. Equation (5) then gives X = 0.00036 m/s - 31 m/day. This

For a moderatel) permeable aquifer with, for example. K - value agrees with K values of 10 and 53 m/day obtained
I m/day, a well with r, - 0.1 rn and L - 20 m, and In (R,/r,.) previously with the tube method on two nearby observation
" 5, (11) yields r - 11.4 s. In this case, it would take the water wells I[ouwer, 1970. These K values were essentially point
level 22.8 s to rise from 30 cm to 0.3 cm below static level, measurements on the aquirer immediately around the well

EXAMPL bottoms, which were at depths of9.1 and 6.1 in, respectively.

A slug test was performed on a cased .K.ell in the alluvial COMPARISONS

deposits of the Salt River bed west of Phoenix. Arizona. The Piezometer method. The geometry to hich (3)and (9) and
%ell. known as the east well. is located about 20 in east of six the coefficients in Fieure 3 aorlv overlain the renmei , nr tIh

ja Is.1." .... ',
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•tometer method at the lowr values of LI,. With the . ' I ,
:Zomcter method a cavity is augered out in the soil below a

fiometer tube- The water level in the tube is abruptly

-erod. and K of the soil around the cavity is calculated from

e rate of rise or the water level in the tube [Bouwer and

ic&son. 1974). The equation for K is

d rr 1 ! n (12) \ "
K r Iny

here Ay is a geometry factor with dimension of length. Val- 0.1

:s of A, were evaluated with an electrolytic tank analog by L. A
oungs (1968). whose results were expressed in tabular form as
,r. for different values of LIP. (ranging between 0 and 8),

- L)/r.. and (D - H)/rw. )
Taking a hypothetical case where LIP,. - 8. H/r. - I. and M

)1.., - 16. X calculated with (5) is 18% below K calculated i-

ith (12). This is more than the 10% error normally expected W

,ith (8) and (9) for the LIH value of 0.67 in this case. The I

arger discrepancy may be due to the difference in method- 1
llogy, or to the fact that the LIP. value is close to the lower .

,miTt of the range covered on the resistance network analog.

An approximate equation for calculating K with the pie. 0.01
•ometer method was presented by Hvorslev 1951). The equa-
ton, which is based on the assumptions ofan ellipsoidal cavity
ir well screen and infinite vertical extent (upward and down- "

ward) of the flow system, contains a term [I + (L/2r.) I"'.-..
For most well-slug-test geometries. LI2r. will be sufficiently
large to permit replacement of this term by L/2,,. In that case.
however. Hvorslev's equation for Q yieldsR, - L. which is not .

true. In reality. R. is considerably less than L. For example, if
- 40 m.,. - 0.4 m. H - 80 m, and D - i. (8) shows that Z%

-, " 11.9 m. which is much less than the value of 40 m"
indicated by Hvorslev's equation. However, since the calcu- It
eation of K is based on In (./P.) as shown by (5), the error in 0.001 I , | \ , '

'K is less than the error in R. (i.e., 36 and 236%, respectively, in 0 10 to 30 40

this case). t - SECONDS

If, for the above example. the top of the well screen or cavity
had been taken at the same level as the water table (H - 40 m), Fig. 4. Plot of y versus for slug test on east well.

R, would have been 3.6 m and Hvorslev's equation would have
yielded a X value that is 50% higher than K g;ven by (5). The the removal of a slug of water decreases with decreasing y,

larger error is probably due to Hvorsievs assumption of in- '&Y/Ar is not a constant and the value of K obtained with this

finite vertical (upward) extent of the flow system, which is not procedure depends on the magnitude of .y used in the field

met when the cavity is immediately below the water table. measurements. The general rule is that Ay should be relatively

Using Hvorslev's equation for cavities immediately below a small.

confining layer would increase the error to 73%. but this. of Taking a hypothetical case.whre y. - 2.5 m, yg - 2.4 m, at

course. is due to the fact that a water table is not a solid , l0 s. L - H - 5 m, D - 6 m, and r. - 0.1 m, (5) yields a K

boundary. Hvorslev's equation for the confining layer case can value that is 36% lower than K calculated with (13). However,

be shown to yield R. a 2L. if y, is taken as 0.5 m, which should give At - 394 s according

Auger hole method. The analog analyses for (8) and (9) and to the theory that (I/t) lny./y, is constant, the 9 value yielded

Figure 3"-*ere performed for L-<- H; because short circuiting by (5) is 26% higher than K obtained with (13). If y, is taken as

between the water table and the well prevented simulation of 0.9 m, (5) and (13) live identical fesults. " ....

the cse where L - H. If the analog results are extrapolated to Slur rest on wells lo confined aquifers. The confined aquifer

L - H. however, the geometry of the system in Figure I ror which the slug test by Cooper r at. [ 19671 was developed is

becomes similar to that of the auger hole technique, for which an aquifer with an internal water sburce, for example, recharge

a number of equations and graphs have been developed to through aquitards or compression of confining layers or otherI calculate X from the rise of the water level in the well [louwejr material. This situation is similar to that of the unconfined

and Jackson. 19741. Boast and Kirkham (19711. for example, aquifer presented in this paper because the water table is

developed the equation considered horizontal, like the upper boundary of a confined
aquifer, and the water table is a plane source. Thus 9 or T

K Ay (13) calculated with (5) or (6) should be of the same order as 

calculated with the procedure of Cooper et af. 1%7). which

ehre Cia was determined mathematically and expressed in involves plotting the rise of the water level in the well andI tabulir form for various values of LIP.. (D - H)/,.. and finding the best fit on a family of type curves. Cooper , al.I 'H. Since the rate of rise of the a ater level in the hole after 11967) presented an example of the calculation of 7 for a well

t 0%o.... ... . . ,i ,", .. R; ... - ....
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with P,, ,. - 0.076 m and L - 98 m. The resulting value of T Hydraulic conductivity values obtained with the proposed
was 45.1 m'/day. Values of D and H for this well were not slug test are compatible with those yielded b) the auger hole

liven. However, since the well was 122 m deep and completely and piczometer techniques where the geometries of the systems
penetrating tat least theoretically). D and H must have been overlap, and by a slug test for completely penetrating wells in
between 98 and 122 m. Assuming that both D and H were 100 confined aquifers.
m, (6) yields T - 62.3 m'/day, which is compatible with T
obtained by Cooper et al. REFEtENCEs
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QUALITY ASSURANCE PLAN

WESTON Analytical Services enforces a rigid QA/QC program
toward maintenance of validity and reliability of all
analytical data. The Laboratory QA/QC Manual (Table of
Contents thereof is Attachment No. 1 to this appendix)
outlines the specifics of the QA/QC plan. This plan is
patterned after the EPA Handbook for Analytical Quality
Control in Water and Wastewater Laboratories
(EPA-600/4-79-019, March 1979), augmented by general
applicable experience and interaction with the QA/QC plan of
the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA). All methods and procedures followed by WESTOn
are either USEPA or ASTM-approved. Any variations from such
procedures, regardless of cause, are documented by the
responsible analyst(s) and are documentable, and,
literature-traceable. A general review of this QA/QC plan
is in the following paragraphs.

Although specific QA/QC measures for each method are
designated in WESTON's Laboratory Quality Assurance
Manual, the general QA/QC program normally includes:

o EPA-acceptable sample preparation and analytical
methods.

o Instrument calibration via use of Standard

Analytical Reference Materials (SARMS).

o Regular equipment maintenance and servicing.

o Use of SARMS and QA/QC samples (spikes, laboratory
blanks, replicates, and splits) to ascertain
overall precision.

o Statistical evaluation of data to delineate
acceptable limits.

o Documentation of system/operator performance.

o Suitable chain-of-custody procedures.

o Maintenance and archiving of all records, charts,
and logs generated in the above.

o Proper reporting.

Acceptable analyses at WESTON's Analytical Laboratory
Services include, but are not limited to, the above.

In general, WESTON's QA/QC sequence follows the following
diagram (Figure E-l). Documentation (as available from
instrument recordings and technicians' notebooks) is
sufficient to validate each step in the sequence.
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ICONTAINER PREPARATION

Another consideration in this, or any, analytical project is

that of sample container preparation. Accordingly, all

appropriate sample bottles shall be cleaned in a manner
mandated by the U.S. EPA to insure maximal cleanliness (and
minimal contamination) before the containers go to the

field. Sufficient bottles to accommodate both laboratory
and field blank requirements will be prepared in a single
batch mode for each sampling requirement.

VERIFICATION/VALIDATION

In the laboratory, the analytical scheme begins with initial

I verification, which is comprised of:

o Lab Blanks - To insure that no background level
of specific analytes is introduced by laboratory
procedures.

o Standard Analytical Reference Materials (SARMS) -
To determine the accuracy and precision of
procedures.

o Spikes - To determine the percent recovery of

analyte(s).

If the laboratory QA/QC program is extended to the field, it
includes a fifth item:

O Field Blanks - provide a check on
contamination of containers and/or preservatives

Iand to establish "practical* detection limits.

WESTON has used all of the above in this project. All data
resulting from these verification media have been archived
for future reference, retrieval, or processing.

i
I
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DATA HANDLING - LABORATORY

Use of any analytical data should be preceded by an
assessment of its quality. The assessment should be based
on accuracy, precision, completeness, representativeness,
and comparability. These criteria are, in turn, assessed as
follows:

o Accuracy - Is it acceptable for the planned use?
QA/QC shall measure the accuracy of all data.

o Precision - Is it acceptable for the planned use?
QA/QC shall reflect the reproducibility of the
measurements.

o Completeness - Are the data sufficient for the
planned use? QA/QC shall identify the quantity of
data needed to match the goals.

o Representativeness -Do the data accurately
reflect actual site conditions, sampling
procedures, and analytical method? QA/QC shall
ensure this.

o Comparability - Is the report self-consistent in
format, units, and standardization of methods used
to generate it? QA/QC shall ensure this.

I Additionally, statistical methods outlined in the QA/QC
program have been applicable to data evaluation.

I The Laboratory Supervisor and the Laboratory QA/QC officer
have been responsible for the evaluation of the above
criteria and for enforcement of analytical protocols that

will necessarily lead to acceptable data quality. The
signature of the Supervisor and QA/QC Officer accompany each
laboratory analytical report and serve to ensure the overall
validity of the reported data.

I
I

I
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JSAMPLE PLAN/LOG
Normal protocol demands client-and /or site-specific logging
of all sample batches delivered to WESTON. Basic
information -- such as client name, address, etc.; client
phone number; reporting/invoicing instructions; site
descriptions; and parameter-specifications and total
requirements -- is initiated here. Additionally, sample
storage/disposal instructions as well as turnaround
requirements and sample collection requirements are
addressed at this point.

The appropriate number of method blanks is also logged at
this point, and in-house chain-of-custody documentation is
initiated here.

3SAMPLE RESULTS
WESTON's analytical protocols generally require five-point
calibration curve plus a reagent blank s the basis for
quantification analytes from a linear calibration curve. (A
three-point plus blank curve vs. the original five point one
4s acceptable if it falls within the QA/QC requirements of

3 standard deviation of the original curve.) Linear
regression analysis is then performed. Method- and detection
limit-specific data are accessed for quantitation and
report-writing from each such data set. For reporting
accuracy, the algorithm

Linear-Regressed Solid Sample Concentration
Raw Concentration Extract Volume or Final
from Calibration Curve If Solid Dilution Factor= Concen-

Solid Sample Fraction tration
Mass If Solid Solids If Solid

is used for all quantitations. (All such algorithm input
data are archived for long-term storage.) Detection limits
for solids are generated on a per-sample basis and
calculated by replacing OLIFEAR-REGRESSED RAW CONCENTRATION
FROM CALIBRATION CURVE* with "DETECTION LIMIT OF ANALYTE IN
LIQUID MATRIX' in the abov, equation.

II
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CHAIN-OF-CUSTODY

f Since they document the history of samples, chain-of-custody
procedures are a crucial part of a sampling/analysis
program. Chain-of-custody documentation enables
identification and tracking of a sample from collection to
analysis to reporting.

WESTON's chain-of-custody program necessitates the use of
EPA-approved sample labels, secure custody, and attendant
recordkeeping. Depending on the client's requirements,
WESTON also offers container sealing during unattended
transportation of samples.

In essence, WESTON considers a sample in custody if it: is
in a WESTON employee's physical possession; it is in view of
that WESTON employee; is secured by that WESTON employee to

prevent tampering; or is secured by that WESTON employee in
- an area that is restricted to authorized personnel.

Each time a sample is relinquished from one analyst to
another or from one major location to another, WESTON's
analytical personnel are required to make appropriate
entries. Personnel-specific initials are used as identifiers
of analysts, as are location codes for various locations
(refrigerators, extraction areas, analytical areas, etc.)
within the laboratory. Each transaction for each sample is
accompanied by a specific reason for transfer.
Chain-of-custody documentation is given in Appendix G.1

QA/QC OFFICER

Toward maintenance of a rigid, credible QA/QC regimen,
WESTON Analytical Services maintains a full-time, in-house

QA/QC officer who retains independent authority to declare
out-of-control situations, thereby precluding reporting of
unacceptable data. The QA/QC officer has been available, as
needed, on the project.
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